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I
FOREWORDI

This report was prepared for the Department of the Air Force,
Ballistic Missile Office (BMO), Norton Air Force Base, Califor-
nia, in compliance with Contract No. F04704-80-C-0006, CDRL
Item 004A2. Summary discussions included in this report de-
scribe programs that were conducted in Fiscal Year 1980 (FY 80).
Many of the FY 80 programs are continuations of studies begun in
previous years. More details on these prior programs are in-
cluded in reports listed in the Appendix and in two previous
geotechnical summary reports:

o Geotechnical Siting Status Report - 21 June 1978; and

o Executive Summary Report, Geotechnical Siting Investigations,
FY 79 - 26 October 1979.

The major FY 80 programs, in terms of scope and effort, are:
Verification (Section 2.0), Water Resources (Section 3.0),
Aggregate Resources (Section 4.0), Topographic Mapping (Section
5.0), and Layout Studies (Section 6.0). These programs are
largely continuations of studies that were initiated in FY 79 to
provide technical data to support MX siting decisions and to
provide data needed by other MX associate contractors. Report
sections 7.0 through 12.0 contain discussions of the other
geotechnical studies performed in FY 80.
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1.0 INTRODUCTION

This report contains summary discussions of the geotechnical

programs that were conducted in Fiscal Year 1980 (FY 80) for the

U. S. Air Force's (USAF's) Missile X (MX) advanced ICBM program.

The purpose of the geotechnical studies is to provide technical

information to support MX siting decisions and requirements and

to provide data needed by other associate MX contractors and

government agencies. Geotechnical studies performed in FY 80

are, in most instances, a continuation of studies begun in

previous years, although a few new programs were initiated in

FY 80. Brief descriptions of these programs are presented in

this section, and more details are discussed in the following

report sections.

All FY 80 programs were performed within the USAF's preferred

siting area of Nevada and Utah and, more specifically, in the

Iproposed action area" of those two states (Figure 1-1). The

proposed action area, as defined for the Environmental Impact

Statement (EIS), is an aggregation of valleys or portions of

valleys that are under consideration for possible deployment of

the land-based MX system. Suitability of these valley areas for

MX siting was originally defined in preceding geotechnical

programs that were based on literature and very limited field

work. Additional information regarding these previous studies,

as well as other prior MX geotechnical programs, is included in

reports that are listed in the Appendix.
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Field studies were begun in the Nevada-Utah area in October 1978

and continued through FY 80. -This effort, called Verification

studies, is primarily for the purpose of verifying the suitabil-

ity of areas that were identified in the prior literature-based

f studies. The Verification studies are scheduled for completion

in FY 81. Verification study results provide more precise

definition of the suitable area where MX shelters and supporting

facilities can be sited. In addition, the results are used to

guide the scope and location of the other geotechnical studies

that are proceeding in Nevada and Utah.

Other qeotechnical programs summarized in this report were con-

ducted to provide specific technical data to satisfy various

MX project needs. Briefly, these other programs are:

o Water Resources: A variety of office and field tasks de-
signed to determine the quantity, quality, and location of
water resources within the possible deployment areas. Data
will be used to support water appropriation and determine the

impact of water withdrawals.

o Aggregate Resources: Various office, laboratory, and field
tasks to determine the quality and location of sand and
gravel sources for MX road and facility construction. Both
rock and valley-fill deposits are being evaluated.

o Topographic Mapping: The production of topographic maps at
scales of 1:62,500 and 1:9600. The 1:62,500-scale maps are
being made of those valleys where the existing largest scale
maps are at 1:250,000. The 1:9600-scale maps are being made
for the Initial Operational Capability (IOC) valleys and
other valleys being considered in initial construction pro-
grams. Both scale maps are being used for shelter layout
studies and field surveys.

o MX Layout Studies: Valley shelter layout studies at a scale
of 1:62,500 to determine the number of clusters that can be
located in each valley in the Designated Deployment Area
(DDA). Layouts are also done at a scale of 1:9600 in se-
lected valleys in support of the IOC program. Both scale

I layouts are being prepared to support the land withdrawal
application.

[ JiRo NATIONAL, ONO
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o Field Surveys, IOC Valleys: Field surveys to locate and
monument actual locations of shelters, Cluster Maintenance
Facilities (CMFs), and Remote Surveillance Sites (RSSs) in
three valleys. The sites are environmentally and geotechni-
cally inspected and sites are relocated if necessary. The
field program was started in September and is to be completed
in the first quarter of FY 81.

o Operational Base (OB) Studies: Office and field tasks to
determine geotechnical, cultural, and environmental charac-
teristics of Strategic Air Command's (SAC's) five candidate
OB sites.

o Mineral Resources Survey: A survey to evaluate the mineral
potential in the MX siting area in support of the land with-
drawal application.

o Fault and Earthquake Hazards: Field and office studies to
determine these hazards and impacts on MX layouts.

o Gravity Program: Geologic and geophysical analyses of
gravity data collected in the valleys by the Defense Mapping
Ag.:ncy (DMA).

o Road Design and Mobility Test Studies: Various tasks to sup-
port design of MX roads.

The phasing, schedule, and important milestones for these

I programs in FY 80 are shown in Figure 1-2. Progress of the

major field and layout tasks are presented in Figure 1-3.

W
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£ 2.0 VERIFICATION

1 2.1 BACKGROUND

Verification field studies in Nevada and Utah were begun in

October 1978. Prior to this time, approximately 20,000 square

miles (mi 2 ) (51,800 square kilometers; km 2 ) of suitable area in

i Nevada and Utah had been identified during literature-based

g Screening studies. About 7700 mi2 (19,900 km2) of this area

were selected as the study area during FY 79. At that time,

field studies were performed and reports prepared for portions

of seven valleys. During FY 80, field Verification studies were

I performed in additional valleys so that by the end of FY 80,

IVerification studies had been completed in 24 geographical val-

leys (Figure 2-1).

I Reports incorporating results from Verification studies and pre-

i ceding Characterization studies in Dry Lake and Ralston valleys

were also published during FY 80. Reports for the other afore-

mentioned valleys will be published during FY 81 and FY 82. In

addition, a summary report (with regional map) of the Verifi-

I cation studies performed in early FY 80 was published in July

1980. A map of geotechnically suitable area incorporating the

results of all aforementioned reports and data evaluated up to

the date of this report is included as Drawing 2-1.

2.2 OBJECTIVES

IThe Verification studies in Nevada-Utah have the following

I objectives:

1. verify and refine boundaries of suitable area;

2. Obtain geologic, geophysical, and engineering data for

preliminary design studies;rU fGODz NATIONAL. INC
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3. Identify problem areas where additional field work will be
necessary; and

4. Recommend additional sites for study in Nevada-Utah to
ensure that there is sufficient suitable area to deploy the
MX system.

Verification studies consist of a combination of geologic, geo-

physical, and soils engineering investigative techniques de-

signed to differentiate suitable and unsuitable area and obtain

basic information on soil and terrain characteristics. The

geotechnical parameters evaluated and techniques used are

shown schematically in Table 2-1. Table 2-2 lists the type and

number of geotechnical activities performed to date in each

valley.

Prior to starting the Verification field studies, a program plan

is developed, logistics are planned, and photogeologic mapping

initiated. Access is arranged through state and district

offices of the U.S. Bureau of Land Management (BLM) in Nevada

and Utah. At BLM's request, all field activities are performed

along existing roads or trails to minimize disturbance to the

sites. Activity locations are changed in those few instances

where a potential environmental or archaeological disturbance is

identified.

2.3 SCOPE

The FY 80 Verification program consisted of three major ele-

ments:

1. Pre-Verification studies;

2. Basic Verification studies, and

3. Data Gap studies.
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OBJECTIVES j VERIFICATION OF INTERMEDIATE FINE SCREENING SUITABI

50*' 150'
DATA FOR EVALUATIONS TERRAIN PARAMETERS DEPTH TO ROCK DEPT

FIELD TECHNIQUES AND . Geologic mapping Geologic mapping E xistin
APPLICATIONS A Identification and limits * Surface limits of rock * Avail

of areas with slopes greater inter

than IOV grade Sblsu rface I Its o' rock
from topographc 3n' Borings

*identification and limits geologic interpretation

of areas with high incidence - Occur
of I '. slopes (rolling *Geomoiphic expression an
terrain) erosion history Electric

seismic
Seismic refraction surveys s

* Subsurface projectlro of to sul
rock limits ab ser i

Oelneation of ro-k f o- Geologic
high (-7000 !ps -) w- we

velocities -Obta r

Borings

* Occurrence of rock

Gravity profiles (DMA)

* Overall basin shape and
relationships

,Range bounding faults

Existing data

* Publ ished literature
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ITABLE AREA CHARACTERISTICS OF BASIN FILL

50' 150 EXTENT AND GEOHYSICLPOPETIES R'AD DESIGN DATA
DEPTH TO GROUND WATER CHARACTERISTICS OF SOILS

isting data Geologic mapping Seismic refraction surveys Trenches, test pits. and
SurflCi3l samples

Available weill records and Extent of surf icia soil I Compressional wave

i nterpretation units velocities - I entilicat ion o! soil types

ings .Surficial soil types Electrical resistivity • In situ soil density jnC

Occurrence of ground water Borings surveys ois ture

c Electricat conductivity o I Thickness of low strength
actrica rests t iv tSy Iidentification of subsurface soIls surfiCial Soilismic refraction surveys soil types

. . . . .
" Layering of soil Cone penetrometer tests

Provide supplemental data • In situ soil density and

to support presence of consistency * In Sitiu soil strength

absence of ground water a Samples ior laboratory Thickness of lo* strength

ologic mapping testing surficial sol S

Obtain water depths from Trenches, test pits, and Laboratory tests
wells encountered in field surficial simples

- Physical properties

" IdentificL.tion of surface

and subsurface soil typer * Compaction and CBR data

" Degree of induration and * Suitability of sails for use

cementation of soils as road subgrade. subbase

or base

" In situ moisture and density

of soils Existing data

* Samples for laboratory o Suitability of soils fot use

testin as road subgrade. subbbase,

Cone penetrometer tests at base

e Behavior of compacted soils

* In situ soil strength

Laboratory tests

* Physical properties

, Engineering properties-

shear strength.

compressibility

9 Chemical properties



OF BASIN FILL 1 . RECOMMENDATIONS FORIFUTURE VERIFICATION
STUDIES

ROAD DESIGN DATA EXCAVATABILITY

AND STABILITY I

Trenches, test pits, and Borings

SUrfic -f3I sampes Subsurface soil types

* lyent if Cat on of soil types * Presence of cobbles and

' In situ soil density and boulders

molstue
* In situ density of subsurface

• Thickness of lo* strength soils
sutficial Soil

* Stability of vertical walls
Cone penetrometer__tests
Cone. _ Trenches and test pits
" In sift: soil strength

• Subsurface soil types
" Thiceness of lo* strength
Su:rf tcal soils *Subsurface soil density and

cementation

Laboratory tests
* Stability of vettical walls

* Physical properties
•Thickness of too strength

* Compaction and CBOR data surficial soils

* Suitability of soils fot use * Presence of Cobbles and boulders

as road subgrade. subbase
or base Laboratorytests

Existing data * Physical properties

* Suitability of soils for use o Engineering properties

8s road subgrade. subbbase. Geologic mapping
Of base . . . .

Sehavior of compacted SooIs Distribution of soil types

Seismic. reacti on surveys

* Excavatabi I ity

FIELD TECHNIOUES
VERIFICATION STUDIES
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ANTELOPE 64 14 14 0

BIG SAND SPRINGS 77 16 14 1

BIG SMOKY 118 18 18 1 6 38 80 19

CAVE 56 10 10 0 4 16 20 0

COAL 83 15 15 1 5 35 61 0

DELAMAR 79 13 12 0 5 24 37 0

DRY LAKE 60 17 17 1 19 47 84 0

DUGWAY 69 21 20 1 5 30 48 0

FISH SPRINGS FLAT 59 17 14 0 4 13 29 0

GARDEN 45 16 15 1 6 34 43 0

HAMLIN 101 31 30 1 9 54 91 0

HOT CREEK 61 12 9 1 5 35 * 0

LAKE 123 22 20 0 7 54 102 2

LITTLE SMOKY 80 11 10 0

MULESHOE 48 10 9 0 3 17 24 0

PAHROC 49 7 7 0 3 18 28 0

PENOYER 90 18 15 0 4

PINE 86 23 22 0 10 44 86 15

RAILROAD 296 42 41 0 14 88 171 19

RALSTON 112 28 27 1 19 8

REVEILLE 43 12 12 0 5 20

SEVIER DESERT 99 25 24 1 10 59 99

SNAKE 255 56 54 1 18 91 165 0

SPRING 134 29 27 3 9 42 71 2

STEPTOE 45 12 11 0 4 23 * 4

STONE CABIN 84 23 22 0 8 19

TULE 221 48 45 0 11 74 128 0

WAH WAH 73 22 22 0 7 40 71 8

WHIRLWIND 180 39 38 1 12 66 122 0

WHITE RIVER 141 44 43 1 12 63 123 0

TOTALS 3031 671 637 13 124 1052 1683 69

*COMPILATION IN PROGRESS

Laboratory tests are peforrmed on samples selected from borings, VERIFICATIPN
trenches, and test pits. These tests incluJe sieve anlysis, plasticity, FIELD ACTIVITIES TO DATE
in situ dry unit weight, m~isture c-rtent, compaction, specific
gavty, trxaid comression, unconfined comprulon, direct M STING INVUSSOATION TABLEIcansildatlon. chucilT nd CR. INT OF TH9 AIR FORCE - 84O 2 -2
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2.3.1 Pre-Verification Studies

Pre-Verification studies were performed in those valleys identi-

fied as having marginal value for MX deployment due to the

possible presence of geotechnical exclusions occupying large

portions of the valley. The exclusions, identified from exist-

ing literature gathered during Screening studies, are commonly

shallow ground water and, to a limited degree, shallow rock.

These exclusions have the effect of fragmenting the suitable

area into isolated parcels or narrow and linear suitable area

bands along the valiey margins. The pre-Verification field

studies were designed to provide data so that an early as-

sessment of the valley's overall suitability could be made.

The field activities consisted of drilling ground-water obser-

vation wells and performing seismic refraction surveys. Pre-

Verification studies were performed in the following valleys:

1. Fish Springs Flat;

g 2. Snake (northern portion);

3. Lake; and

4. White River (southern portion).

After analyzing the data from the pre-Verification studies, the

boundaries of suitable area in these valleys were revised.

Full-scale basic Verification studies were later performed in

the suitable area portions of these valleys when it was deter-

mined that they could accommodate one or more clusters.

2.3.2 Basic Verification Studies

The basic Verification studies were performed in new valleys as

well as in portions of the FY 79 Verification valleys in which

SGQRO NATIONAL INC
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no field work had previously been done. By the end of FY 80,

Verification studies had been performed in the following val-

leys:

1. Dugway 11. Lake 21. Penoyer
2. Tule 12. White River 22. Steptoe
3. Fish Springs 13. Dry Lake 23. Hot Creek
4. Whirlwind 14. Delamar 24. Stone Cabin*
5. Snake 15. Muleshoe 25. Railroad
6. Hamlin 16. Pahroc 26. Sevier Desert
7. Pine 17. Garden 27. Antelope*
8. Wah Wah 18. Coal 28. Little Smoky*
9. Spring 19. Reveille* 29. Big Sand Springs*
10. Cave 20. Big Smoky* 30. Ralston*

* Verification studies partially completed.

2.3.3 Data Gap Studies

Evaluation of the data collected in FY 79 and the first quartet

of FY 80 resulted in identifying certain valleys in which addi-

tional field work was necessary to more accurately define the

boundaries of suitable area. These studies were termei "Data

Gap studies" and consisted of drilling ground-water observation

wells and performing seismic refraction surveys.

The Data Gap studies were performed in the following four

valleys: 1) Whirlwind, 2) Snake, 3) White River, and 4) Ham-

lin.

2.4 RESULTS

2.4.1 Suitable Area

As in FY 79, the Verification studies resulted in significant

changes to the boundaries of the suitable area of many valleys.

The presence of shallow rock, shallow ground water, and/or

adverse terrain accounted for most of the changes.

UR A T N ITONAL 10o
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Changes in the suitable area for all the valleys in the study

area are listed in Table 2-3. In addition, a revised map of

suitable area is presented in Drawing 2-1.

2.4.2 Basin-Fill Material Characteristics

9 2.4.2.1 Surficial Soils

Surface soils are predominantly coarse-grained (granular) con-

sisting of sand and gravel. Fine-grained soils (silt and clay)

exist over limited portions of most sites. The surficial soils

are combined into three categories based on their physical and

engineering properties:

1. Silty sand and clayey sand: Predominant surficial soil
occurring primarily in alluvial fans which extend from the
basin margin to the basin center or playa edge.

2. Gravel and gravelly sand: These are the second most predom-
inant surficial soil type. They consist of sandy, silty and
clayey gravel, and sand with appreciable gravel content.

3. Silt and clay: These are the least extensive surficial
soils. They consist of sandy silt and clay and silty clay
with appreciable amounts of fine sand.

2.4.2.2 Subsurface Soils

Soils in the subsurface are predominantly coarse-grained (gravel

and sand). Fine-grained soils (silt and clay) probably occur in

about ten to 15 percent of the subsurface.

The coarse-grained soils are generally dense to very dense below

depths of approximately 10 feet (3 meters; m). They exhibit low

compressibilities and possess moderate to high shear strengths.

The fine-grained soils exhibit low to high plasticity and gener-

ally contain appreciable amounts of fine sand. Variable calcium

carbonate cementation exists in the subsurface soils.

r 'lJRO NATIONAL MO
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SUITABLE AREA (MI2 ) HORIZONTAL SHELTER

VALLEY STATE
BEGINNING RESULTING

AREA , AREA .* AREA CHANGE

ANTELOPE NEVADA 245 135 -110

BIG SAND SPRINGS NEVADA 235 210 - 25

BIG SMOKY NEVADA 680 610 - 70

CAVE NEVADA 135 115 - 20

COAL NEVADA 275 240 -35

DELAMAR NEVADA 180 180 0

DRY LAKE NEVADA 360 310 - 50

DUGWAY UTAH 170 135 - 35

FISH SPRINGS FLAT UTAH 155 135 - 20

GARDEN NEVADA 230 200 - 30

HAMLIN NEVADA-UTAH 425 335 - 90

HOT CREEK NEVADA 185 240 + 551

LAKE NEVADA 460 340 -120

LITTLE SMOKY NEVADA 340 250 - 90

MULESHOE NEVADA 100 85 - 15

PAHROC NEVADA 105 95 - 10

PENOYER NEVAE5A 285 265 - 20

PINE UTAH 165 265 +1001

RAILROAD NEVADA 790 730 - 60

RALSTON NEVADA 420 385 - 35

REVEILLE NEVADA 200 145 - 55

SEVIER DESERT UTAH 225 410 +1851

SNAKE NEVADA-UTAH 625 700 + 751

SPRING NEVADA 210 265 + 551

STEPTOE NEVADA 105 90 - 15

STONE CABIN NEVADA 390 3902 02

TULE UTAH 540 390 -150

WAH WAH UTAH 50 240 +1901

WHIRLWIND UTAH 430 450 + 201

WHITE RIVER NEVADA 625 485 -140

TOTALS 9340 8825 -515

* FROM INTERMEDIATE SCREENING

AT END OF FY 80

1 VALLEY GEOGRAPHIC BOUNDARIES CHANGES IN HORIZONTAL
WERE EXPANDED DURING FY 80 SHELTER SUITABLE AREA

2 FIELD VERIFICATION IN PROGRESS 'X S'"40 INVESTIGATION TABLE

,O,,UM, NT OF THE AIR FORCE -- O 2 3

m Iy"v so SW NWTISNAL, INS.



FN-TR-42
16

3.0 WATER RESOURCES PROGRAM

3.] BACKGROUND AND OVERVIEW

The MX Water Resources Program was initiated in June 1979 for

the purpose of evaluating the availability of water for both the

construction and operational phases of the MX project. Six

valleys representative of typical hydrologic conditions in the

siting area were studied during FY 79, and a report was submit-

ted to the Ballistic Missile Office (BMO) on 21 December 1979

(FN-TR-38). Based on the FY 79 studies, it was determined that

the Water Resources Program should be expanded to include

aquifer testing and field investigations in all valleys within

the siting area in order to better understand the potential

effects of MX ground-water withdrawals on the local water users

and the environment and to determine the optimum water-supply

system for the project. The Water Resources Program was ex-

panded during FY 80 to include the investigation of the hydro-

logic conditions in 23 valleys in addition to the six valleys

studied during FY 79.

The results of the investigation of 16 valleys, including the

six previously reported during FY 79, were presented to the Air

Force Regional Civil Engineer-MX (AFRCE-MX) on 15 May 1980 in

a report titled "MX Siting Investigation, Water Resources

Program, Summary For Draft Environmental Impact Statement"

(FN-TR-38). This report (FN-TR-38) includes all preliminary

findings of the Water Resources Program conducted to 1 April

1980. Also included in that report are the results of a

PCR0 N ̂ TUONAL ONO



-(3 117- ,u

I--4.

C~tv.

Im-s

.0 v0

ti 6'*2i 2:2

-too

.1T

A . I .- :- -

29l

77 r' St.4

40.- 1' *



-16 
00'9

$n ., t,

7, 7t

4 
it

V 1 cr

f Spf~ns P-j;

pe-l 
-

t 4/

%. Pek

14r

-. ~ .KOBEH~'

S VALLEY

VAL



115 . \0

I ,D

- /i

5.,- , I 5~ A~ ... ' C

-~ .- ,I 7
-- . It

It' L.. K

NM"

KRI

IrI

'It5..

~ N~9A.I4ea~a'\ .. .os-

or I pet

BUTTE

VALLEY,



00'~ UTAH TESTAND TRAINING RANGE 113 'O

' A T

'6 J..' I -. F

L

Li~I S--- 
1 

---

\I II DUG -- -

* TH ETPN RANIG RNGELL

FIS SPINSLLA

Ut p

SNAK

I.I

VALE
I

I4



113000--

Cl-ve

MA. I.u o

X rU

/~Erl -

le~j .

r0

* ~*, ' Mafla

$d,~

Am n

S a. J j. D . nt do S a r t o g

-. r r, N %i

~ P .Oe

fAY s

efid .,a q

44

Mlb

- v*



05" Q .

~~m.

~~Ran

r Ad.

(390 00' -.- ~ A?~~tf7,

Nol -4 A O

ES'



LON

A .,~VALLE

.4.-

aste

I. ' BIGTSANPE

I..w

MOUT

VALLELE

-y KFLVALLEY

STONE~~ CAIY

R4ILOA A



BUTTE ' I r

VALLEY,

W -

- / __S

- .
I-ALLE0

E L Y p o u ' ' 4

t L--

StP- SI N

too AL L, E'ALE

VS

~' 4 y''1 'I

NAfJ

K VALLE TPO~

SVALLY



NYNo

NAIKe

0 1

/L

000

*1 LALLY

AT-

yq 21 K

HALN/A

VA/E

X.



B-,

'0'

e'-V/ Z y~I J* I, B

At-ra

",440
L) . po p

E rR

-lai~ l ( 11, n srr n ,,

t

VALE -t.l FIR -

,0K E
'Ib741 M1*'

itr



V VA

Of.. N, il.

1(2

4Ais

c 9 I.. ~ 4 'A



SOECABIN~ ~
VALLEY 2-

R44JLRO.AI,

VALLE

'? ,STON*

I -T

RAILROAD

VALLEYY

IR

of

FORCERAN0



VAALLEY

~~VAI

2r LAK
V ALL

ARDEN. SHO
ALLEY LLE7

-1. A

DRY LA.KE

VALLEYT

PAHROC CLET

DELAMAR

0 ALE

I A,. a 4e



I .

-/ 

VAVALLEY

A H A

SLAKE'...- /-

VALLEY

/ ~~[/ HAMLIN -yf -

AICH sA T E
PICH

) 0

W,

~ I~ - -~1. ~ ~ ' ~ Nit -te C ~ edar

4

*~i 'K ,, AI 4 -4 
s

- qaj' R L i ~ 11

or LA t A,

r-V



f() -- Marv'

LEY ~ MILFORDr~j,

ER2~,A 4 L T j

fir. e mep 
I )I

\~ N*

E I-Mc-

r4 4

16 
4

N~il ( -L
-~* .+CI

~ I catfh~U

CEDARs CITY Wu

Cedarit ca" ac o
A' ~m-tc, F

tT

-r 7'-



LL

- NELLIS

Al

-mb to. -

-37I

V4

N' 0N

404

00 10n

SCAL uE rv ILES k

0 10 ;0?0 ~

~~- ~KILOMETERS - ..

a, /~r-~ ~ N~A T"1 L

/ / .*...

~~~~1 W '~



LIS
/ /t

AIR

p ahd-

vl '~ FOC AG

I ~ H41 7v
R d '' 4 7T'N

NEVADANELLIS

TES 'AI

til.

xF



. 9Eb --

/ YDELAMAR
--..--- VALLEY

, f 42 --- - . . . .-..

/ I

I : 0 0, p
f. .

-,.- ' I • -

0' l - / y ,.

F ORCE o'. ,w> I//

" :l.1 4 ,,". ..-

2, . .. . . .- i - - '- . " - '='

,I" RANGE " ""I ' ""
S' I -"

- EiE 1T GAME I"-'I-NG~k ' ,.,./

,, •. /' . .,

r . ,, - . -4 A' -," ,'

... '""" - - - . 4 •-



Lo N#E tmq

.4 Fj

lily r-71

- -~ ~ - Ge't.

VJ

LU 5

ST. .EORGE

-A 
S 4 Gi\..I '

T UT

I )



rr

4 ~ ~ SUITABLE AREA FOR HORIZONTAL SHEtERB, DO EI~CTO TDE
--- o- I

L ..JFY8 Y9N YO

SUTBEARAFRHRIOTLSELE AE7O1CENNGSUIS

1,e

1~~1C 2OC OCT" 199GETC NIAL
~ 22 FEB1980SUITBLE REA

'at 320t JUN 190NVAAUA

.411

4Z 26 NOV 1980

1~an

URO M TINNATIRS



FN-TR-42 17

11

municipal water-supply and wastewater-treatment facility

study for the potentially affected communities in or near the MX

siting area in Nevada and Utah. The studies were conducted for

I Fugro National by the Desert Research Iastitute (DRI) for

i Nevada and by the Utah Water Research Laboratory (UWRL) for

Utah. Both reports were submitted under separate cover to the

r AFRCE-MX on 20 June 1980.

The results of a two-phased water legal study and industry

activity inventory conducted for Fugro National by DRI and UWRL

were also presented to the AFRCE-MX in FY 80. Phase I of the

legal study by DRI was presented to the AFRCE-MX in revised form

on 2 June 1980 and was titled "Nevada and Utah Water Law and

Procedures for Rights Acquisition." Phase II of the legal

study, "Water Rights in Nevada and Utah, An Inventory within the

MX Area," is in preparation. Both of these studies have been

conducted to assist in the water appropriations process. An

I Industry Activity Inventory was conducted by DRI and UWRL to

Jdetermine current water use in the siting area and the potential
for future development by industry that may conflict with MX.

I The results of the inventory were submitted to the AFRCE-MX on

2 September 1980.

3.2 SCOPE AND OBJECTIVES

The general approach of the MX Water Resources Program has been

to update and expand the existing data base in the Nevada-Utah

siting area in order to identify and quantify aquifer character-

I istics, ground-water and surface water regimes, water quality,

and water use and appropriations in the region. A program of

U GRO NATIONAL IWO
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aquifer testing, determinations of local and regional ground-

water flow patterns, analyses of water quality characteristics,

and computer simulations of the effects of pumping on water

i levels in wells and on spring discharge has been conducted.

This information will provide the basis for achieving the

primary program objectives:

o Determine the effects of MX ground-water withdrawals on
local water users, the environment, and the aquifers;

o Determine the optimum water source and supply system with
possible supply alternatives for each valley where MX and
attendant facilities are planned; and

o Provide the necessary data and documentation to support
state and federal water regulatory agency requirements for
permits and water development.

This information is being obtained through the following activ-

it.es and studies:

o Review existing pertinent publications and data contained in
agency files relating to water availability, local water use,
regional ground-water flow systems, and aquifer characteris-
tics.

o Contact various state and federal officials knowledgeable
about ground-water conditions in Nevada and Utah.

o Perform hydrogeologic field studies to identify water uses,
measure ground-water levels, collect ground-water samples for
chemical analyses, measure spring and stream discharges,
conduct aquifer tests in existing wells, and overview general
hydrogeologic conditions.

o Drill and test shallow-depth, valley-fill aquifers (<500
feet; <152 m), intermediate-depth, valley-fill aquifers (>500
feet); and carbonate (regional) aquifers. The drilling and
testing programs are designed to gather information about
aquifer characteristics and regional ground-water flow
systems where little or no data exist.

o Evaluate regional and basin structures to better understand

the geologic controls on the regional ground-water flow
systems.

N I
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o Develop computer numerical models of the ground-water system
in selected valleys for effects on the local water users and
the environment.

o Investigate surface-water regimes to provide data on the
availability of surface water and the rates and quantities of
potential recharge to the ground-water systems.

o Assess the relationship between evapotranspiration and depth
to ground water in selected valleys to determine the quantity
of water consumed by phreatophytes.

o Assess municipal water-supply and waste-water treatment
facilities for their capacity to handle increased demand and

loads due to MX population influx. This study includes towns
within and immediately adjacent to the siting area with

emphasis on Tonopah, Ely, Caliente, and Pioche in Nevada and

Delta, Milford, and Cedar City in Utah.

o Review and study Nevada and Utah water laws and permitting
procedures and conduct a water rights inventory. This study
will aid in the filing of water appropriation applications.

o Make an industry activity inventory to identify the water

requirements of existing and proposed industries in the
siting area and determine how these requirements may interact
with MX construction and operational activities.

o Assess the quantity of water required by MX activities in
each valley and submit an application for appropriation of
water. Define points of diversion for ground-water with-
drawal and survey diversion sites.

Figure 3-1 shows the valleys investigated and the locations of

drilling/testing operations, and Table 3-1 lists the number of

field activities conducted to date.

3.3 WATER RESOURCES DATA COLLECTION STUDIES

3.3.1 Valley-Fill Aquifer

The valley-fill aquifer studies have included hydrologic recon-

naissances as well as shallow- and intermediate-depth drilling

programs. The hydrologic reconnaissances have been completed

for 29 valleys including the six valleys studied in FY 79. As

NI
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WATER WATER
WATER LEVEL DISCHARGE TABLE

DRILLED PUMP QUALITY MEASURE- MEASURE - MONITORING
VALLEY WELLS TESTS ANALYSES MENTS MENTS WELL

ANTELOPE 0 1 4 15 9 0

BIG SAND SPRINGS 0 1 1 2 4 0

BIG SMOKY 0 2 5 23 2 0

CAVE 2 3 4 8 3 1

COAL 3 2 1 6 1 10

DELAMAR/
DRY LAKE 4 2 4 6 3 0
DUGWAY 3 2 1 3 1 4

FISH SPRINGS FLAT 0 1 2 10 1 9

GARDEN 2 1 10 18 9 0

HOT CREEK 4 2

LAKE 0 0 0 7 0 8

LITTLE SMOKY 0 1 4 17 4 0

MULESHOE 0 0 3 1 8 0

PAHROC 0 0 1 5 1 0

PENOYER 0 0 5 7 9 0

PINE 2 1 5 1 1 0

RAILROAD 4 3 7 6 11 0

RALSTON 0

REVEILLE 0 1

SEVIER DESERT 0 1 8 18 0 8

j SNAKE/

HAMLIN 2 10 48 54 36 45

SPRING 2 2 15 29 14 9

STONE CO. siN 0

TULE 4 3 8 17 5 11

IWAH WAH 3 1 1 0 0 0

WHIRLWIND 2 2 2 9 2 12

WHITE RIVER 1 7 20 66 3 5

SUMMARY OF WATER RESOURCES
PROGRAM ACTIVITIES

MX SITING INVESTIGATION TANLE

OEPANTMENT OF THE AIR FORCE -81O UM 3-1

,___________ _=OD NATIONAL INO.
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of 30 September 1980, valley-fill drilling and testing has been

completed for ten valleys: Dugway, Tule, Hamlin, Spring, Rail-

road, Hot Creek, Pine, Dry Lake, Delamar, and White River and is

in progress in four valleys: Wah Wah, Whirlwind, Garden, and

Cave. Specifics of the drilling operations and aquifer test

results are summarized in Table 3-2.

3.3.1.1 Results and Conclusions

Although reduction and evaluation of data collected in FY 80 is

still in progress, preliminary results and conclusions of the

valley reconnaissance and drilling operations can be summarized

as follows:

o Most valleys in the siting area appear to have sufficient
ground water available for MX construction needs based on
state perennial yield estimates, ground water in storage, and
present water-use data.

o The ground water is generally potable, but of fair to poor
quality witn local occurrences of water that is very poor or
unsuitable for drinking.

o Well yields during valley-fill aquifer testing (reconnais-
sance and drilling programs) have ranged from 75 gallons per
minute (gpm) (4.7 liters per second; 1/s) to 2200 gpm (139
l/s) depending on the valley or portion of the valley tested.
Well yields averaged 420 gpm (26.5 l/s) for the test wells.

o Low well yields (less than 100 gpm or 161 acre-feet per year;
acre-ft/yr) (<6.31 1/s or 0.2 cubic hectometers per year;
hm3 /yr) occurred in southern Tule, northern Pine, and
Delamar valleys.

o Moderate well yields ranging from 100 to 345 gpm (6.3 to 21.8
l/s) or 161 to 556 acre-ft/yr (0.2 to 0.7 hm3 /yr) occurred
in northern Tule, southern Hamlin, and Wah Wah valleys.

o High well yields (greater than 500 gpm [31.6 l/s] or 806
acre-ft/yr [l hm3/yr]) occurred in Dry Lake, Spring, Rail-
road, White River, Snake, northern Little Smoky, northern
Hamlin, Steptoe, Penoyer, and Big Smoky valleys.

N-
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DRILLING RESULTS A

VALLEY TEST WELL OBSERVATION WELL DEPTH

(LOCATION) CASING DRILLING DATES DRILLING DATES TO

DEPTH DIA- DEPTH WATER C
IF EET) METER(FE)IFET

(INCHES) START END (FEET) START END (FEET)

)ugway 1
12S/10W 31cc 402 10 7128/80 8/3/80 None Dry

Dugway 2

. 11S/10W 19bb None None 7/28/80 812/80 178 7/28/80 7/31j80 Dry

Spring
9N/68E 30ab 710 10 8/3,'80 8/7/80 710 8/9/80 8 11/80 231

" °

I
Hamlin
8N/69E 30db 480 10 8/18/80 8/24/80 522 8/6/80 8'780 158

°

35dc
Railroad 1
3N/52E 2dd 484 10 8/1/80 8/10/80 495 8/14/80 8/15/80 233

°

Hot Creek 1
7N/51E 10aa 540 10 & 8 8/26/80 829/80 500 9/2/80 9/8/0 237...

Coal/Garden
3N/59E 10 1530 to 8/17/80

Present
Stepto e I

12N/63E l2ha 2450 8/80i

II

DATE As of September 30. 1980

*PRE LIMINARY DATA
'Measurement made on the same day of the aquifer test

2 I
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AQUIFER TEST RESULTS*

iWELL DETDEPTH TESTING DATES

,G DATES TO DIS- TRANS- COMMENTS

WATER CHARGE MISSIVITY

END (FEET) (GPM) (GPDIFT) START END

Dry None None None

7/31/80 Dry None None None

8' 11/80 231 ... 600 430,000 8115180 8/30/80

8'7/80 158- 155 12,100 9/9/80 8/14/80

8/15180 233- 700 70,000 8/12180 9/29/80

9/8180 237... 300 86,000 9/26/80 10/9/80

Drill pipe Stuck In hole. A new 'le is beinq driled.

DRILLING AND TESTING INFORMATION

MX SITING INVESTIGATION 3 "

EPARTMINT OF TIE AIR FORCE - M0 AGE I JF
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DRILLING RESULTS A(

VALLEY TEST WELL OBSERVATION WELL DEPTH

(LOCATION) CASING DRILLING DATES DRILLINU DATES TO
DEPTH DIA- DEPTH WATER CI"
(FEET) METER(INCHES) START END (FEET) START END (FEET) (

- Hot Creek 2
6NI50E 27ac 505 10 8/27180 8/30/80 455 9i6/80 917180 291" 

Railroad 2. 1ON/58E 17txj 600 10 9/15/80 9/29/80 600 281"

Pine
26S/17W 10aa 951 10 78/80 7/12/80 1157 6,/80 7'10 s0 443".

Cave
7N/63E 14ab 462 10 9/11/80 9,25/80 458 8/23/80 9/10!80 230"

Wah Aah

26S/14W 25a, 1251 7f7180 7/30/80 Dry

Garden
2N/57E 15bd 1065 10 9/11/80 10/24/80 1099 8/7180 8,'16,'80 421"

Whirlwind
15S/12W 19ad 1020180 1220 9/15/80

Wah Wiah In
27S/14W -28dd ProJres, 10/23/80 1399 7/21180

White RiverI 8N/61E 27dc 1300 11,20/80 1219,79 42"

Dry Lake

35/64E 12ca 1012 10 1;26'80 2112/80 1305 1/3,80 1/24,'80 396"

Delamar
65/63E -12a 1215 10 2/29/80 3/12,80 1012 2115/80 2;23/80 871"

'

Tule 1
20S/14W 6dd 624 10 7/8/80 7/15/80 624 7/20/80 7,2180 90" *

Tule 2
17S/15W 17ca 409 10 7/8/80 7/16/80 311 7/21/80 7/22180 47*..

DATE As of September 30, 1980

*PRELIMINARY DATA
* Measurement Made on Januarv 1980

*Measurement made on the same day of the aquifer test

26 NIOV 80



AQUIFER TEST RESULTS*

ELL DEPTH TESTING DATES COMMENTS

DATES TO DIS- TRANS

WVATER CHARGE MISSIVITY

END FEET) (GPM) IGPD/FT) START END

917180 291
° °  

375 13,200 9/24180 10/3/80

28? ... 700 10119180

7.?10,80 443- 2.500 7/20/80 8,10/80

9/10/80 220
" °  

223 11.100

7/30/80 Dr None Hole dry. New Site Selected in Vah nan Valley

8/16/80 421" 400*

TIis well was originally drilled as a test well but
converted to an observation well. A test well is in

process of 1ieing drilled.
12,19/79 42". None None None

1124/80 396
" °  

500 45,000 4/3/80 ,27180

2i23/80 871- 85 5,000 5/3/80 5/13/80

7;21/80 90"." 75 5.100 7;28180 8,15/80

7/22/80 47" .. 345 50,000 8/1/80 8/15/80

DRILLING AND TESTING INFORMATION

MX SITING INVESTIGATION 3 2

DEPARTMENT OF THE AIR FORCE - BMO
PAGE 2OF?2

MWIO NATIONAL, INC.
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o Two wells drilled in Dugway Valley penetrated rock at about
360 feet (110 m) and 155 feet (47 m), respectively, and no
ground water was detected in the wells. Development of a
valley-fill aquifer as a source of construction water supply
in Dugway Valley will require additional exploration and may
prove not to be feasible. A possible carbonate (deep)
aquifer may have to be developed or water may have to be
imported.

o Drawdown of water levels in existing wells or springs and
alteration of spring discharge has not been detected during
aquifer testing by pumping the test wells.

o Most springs in the siting area are from meteoric sources
(precipitation and snowmelt), perched aquifers, or the
regional carbonate aquifer and do not appear to be directly
connected to the main valley-fill aquifer. Thus, the poten-
tial for MX ground-water withdrawals from the valley-fill
aquifers to affect the springs which may harbor endangered
species is greatly diminished.

3.3.2 Carbonate Aquifer

Carbonate (regional) aquifer drilling activities were initiated

in July 1980 to evaluate the regional ground-water flow systems

which may hydrologically connect many of the valleys in the

siting area. One well was completed in Steptoe Valley to a

jdepth of 2447 feet (746 m) below ground surface and two other

wells were in progress in Coal Valley and Dry Lake Valley at the

close of FY 80. Testing of the carbonate aquifer had not yet

begun, so water quality information and aquifer characteristics

are not yet available. However, cavernous carbonate rock

capable of transmitting significant quantities of water was

penetrated and it appears that carbonate (regional) aquifers

could serve as an alternate source of water to the development

of valley-fill aquifers in some areas. The potential effects of

such development on environmentally sensitive areas (springs and

jiiGRO NATYUNAL eMO
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seeps) is undetermined pending completion of the water resources

program.

3.4 WATER LEGAL STUDIES

3.4.1 Overview of Nevada and Utah Water Laws

In both Nevada and Utah, the basic water law is the doctrine of

prior appropriation for beneficial use.

In Nevada, the requirements that must be satisfied for the ap-

propriation of ground water are 1) unappropriated water is

available, 2) a recognized beneficial use is established, and

3) no interference with existing rights is demonstrated. The

state engineer can be expected to take into consideration

lowering of water levels at nearby wells in determining avail-

ability while considering the average annual replenishment rate.

In Utah, the state engineer can approve an application for

appropriation if 1) there is unappropriated water available,

S2) the proposed use will not impair existing rights or interfere

with a more beneficial use of the water, 3) the proposed use is

physically and economically feasible, 4) the applicant has the

ability to complete the plan and, 5) the application is filed in

good faith and not for the purpose of speculation.

Statute law in both states gives the state engineer discretion

in approving applications. Decisions of the state engineer is

subject to appeal and review by the state court system and

ultimately to the state supreme court, in which case could take

up to two years to be approved.

" iGRO NATIONAL. NO
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3.4.2 Process for Obtaining Permits to Appropriate Water

Permits to appropriate water in Nevada and Utah require infor-

mation on the applicant and on the source of water. Required

information includes name and address of applicant, source and

amount of water, location and cost of works, purpose, and time

frame for construction and use. Hydrologic information is not

required but may be needed if a protest is filed.

In both states, the process for appropriating water is quite

similar. The applicant must first file an application to

appropriate, after which the state engineer publishes a notice

in the local newspapers (published five consecutive weeks in

Nevada and three weeks in Utah). After the date of the last

A publication, interested parties have 30 days, in both states, in

which to file a protest. The state engineer may then approve or

* disapprove the application based on availability of water and

the merit of the protests. This usually takes about 30 days in

both states.

3.4.3 Water Rights Inventory

The water rights inventory conducted for Fugro National by DRI

included the compilation of existing water rights according to

their legal status, water source, ownership class, and type of

water use for 44 hydrographic basins in Nevada and 14 hydro-

graphic basins in Utah. The results of the study indicate that

the total amount of ground-water rights in all stages of appli-

cation and appropriation exceeds the perennial yield in most

basins. The majority of these rights are in the Permits and

li" G .o ATI UN AtIL N



FN-TR-42
28

Applications phase; certificates and proofs generally represent

le-s than the perennial ground-water yield in each basin.

Definition of various terms used in appropriations activities

j are as follows:

o An Application: May be pending further action, approved,
rejected, under protest, rejected and under appeal, etc.;

o A Permit: Allows the party to proceed with an approved ap-
plication under conditions prescribed by the approval;

o A Proof: Claims historical beneficial use or vested rights
(Diligence Claim in Utah); and

o A Certificate: Establishes the legal status of - "water
right." I

It is very unlikely that all applications and permits will

proceed to the certificate stage. In Nevada, for example, about

half of the applications that have been filed since filing

procedures began in 1905 have been filed within the last four

or five years in conjunction with applications under the Carey

and Desert Land Entry Acts. As such, they are being held in a

"Ready-for-Action" status by the Nevada State Engineer pending

release of those lands from the public domain.

Surface water in the siting area is nearly totally allocated and

utilized. Ground water from valley-fill aquifers will be the

r primary source of water for construction and operation of the MX

system.

In general, quantities of unappropriated ground water are

available in basins not "designated" by the state engineer in

Nevada or "closed" to further appropriation by the Utah State

"iGRG NATIONAL INC
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Engineer. Basins are "designated" by the Nevada State Engineer

when the amount of ground-water appropriated nears or exceeds

the perennial yield. Such basins are: Big Smoky, Ralston,

Stone Cabin, Reveille, Steptoe, Penoyer, and Lake valleys. In

these valleys, further appropriations will be considered by the

state engineer based on duration, amount, and type of use. In

basins "closed" by the Utah State Engineer, further appropri-

ation of ground water will generally not be allowed. Such is

the case for the Sevier Desert area. In these designated or

closed basins, existing water rights could be leased or pur-

chased, water imported from neighboring valleys where it is more

plentiful, or possible carbonate aquifers developed.

3.5 WATER APPROPRIATIONS

Fugro National filed applications for appropriation of ground

water in 29 valleys within the Nevada-Utah siting area in

FY 80. Table 3-3 lists the valleys for which water appropri-

ation applications have been filed, the quantity of ground water

requested, and other details of the filing.

The total quantity of ground water by valley, listed in Table

3-3, is based on number of MX clusters sited in a valley as

determined from Fugro National MX shelter layouts. The table

also lists the points of diversion for each valley. The total

annual quantity of ground water requested in Snake Valley is

higher than other valleys due to Nevada and Utah limitations on

the transfer of water rights from one state to the other even

though it is within the same hydrologic basin.

"PJGRO NATIONAL $NO
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TOTAL QUANTITY OF
GROUND WATER REQUESTED NUMBER OF POINTS DATE OF

VALLEY (,ACRE - FT/YR) OF DIVERSION FILING

DRY LAKE 3810 1 1-30-80

DELAMAR* 1585 1 1-30-80
WHITE RIVER 3810 1 1-30-80

SNAKE" 5005 4 10-25-79 & 7-15-80

REVEILLE 2770 5 7-11-80

HOTCREEK 3115 5 7-11-80
LITTLE SMOKY 2076 3 7-11-80

ANTELOPE 3805 5 7-11-80

RAILROAD 4148 4 7-11-80
GARDEN 3456 8 7-11-80
COAL 3456 9 7-11-80
PAHROC 1388 4 7-11-80

MULESHOE 1731 3 7-11-80

CAVE 2076 6 7-11-80
SPRING 2425 5 7-11-80

HAMLIN 4146 6 7-11-80

PINE 2421 5 7-11-80
TULE 4146 8 7-11-80
FISH SPRINGS FLAT 2076 7 7-11-80

WAH WAH 3801 7 7-11-80
WHIRLWIND 4146 9 7-11-80

DUGWAY 3111 5 7-11-80
SEVIER 2076 3 7-11-80
STONE CABIN 4152 8 7-15-80
RALSTON 4152 8 7-15-80
BIG SAND SPRING 2076 4 7-15-80
PENOYER 2422 2 7-15-80

LAKE 3805 5 7-15-80
BIG SMOKY 4146 3 7-15-80

*GROUND WATER FOR CONSTRUCTION CAMP AND PLANT NOT REQUESTED DUE TO VERY LOW AQUIFER Y IELD

-APPLICATIONS FOR GROUND-WATER APPROPRIATION FILED ON TWO DATES; 1906 IACRE - FT/YR) FILED ON 10-25-79
AND 3100(ACRE-FT/YR) FILEDON 7- 15- 80

I G ROUND-WATE R APPROPR IATION

APPLICATION INFORMATION

MI SITING INVESTIGrATION TABLE
I:PAIMENI ' R0 IO k THE IR fORCE I f 3-3
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The total quantity of ground water per year requested for

construction in each valley includes water for a construction

plant and camp in each valley except Delamar Valley. In Delamar

Valley, the aquifer has a very low yield as indicated by test

results.

3.6 MUNICIPAL WATER SUPPLY STUDY

The present capacity of municipal water-supply systems and

wastewater-treatment systems and their capacity to expand were

investigated for Fugro National by DRI in Nevada and UWRL in

Utah. The conclusions of these studies are that significant

capital expenditures will have to be made to accommodate water-

supply and wastewater-treatment requirements of MX-related

population growth. Many of the water-supply and wastewater-

treatment systems do not now meet legal requirements. The

wastewater systems can be improved and expanded if funding can

be obtained. The water-supply systems are expandable given

proper funding, but in some cases, water rights are not avail-

able for appropriation and will have to be purchased from

existing water users.

3.7 INDUSTRY WATER INVENTORY

An inventory of current water users in the area, along with an

assessment of possible future demands by industry within or

adjacent to the Nevada-Utah siting area, was initiated in the

fall of 1979. The study was conducted for Fugro National by DRI

in Nevada and UWRL in Utah.

r
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Water demands by the following water-use categories were evalu-

ated:

1. Irriqation of cropland;

2. Livestock watering;

3. Mining and Energy - including mining, milling, power gener-
ation, and oil extraction; and

4. Urban/Industrial - including all industrial and commercial
activities in urban areas.

Table 3-4 lists the current annual water use in each of the 29

valleys investigated by the end of FY 80 and provides the

estimated annual ground-water availability. It is assumed that

the water available could be used for MX. Water availability is

defined as the perennial yield less current usage and does not

take into consideration pending appropriation applications or

appropriated water ,ipplies which are not currently being

utilized. Approximately 90 percent of the current water use in

the siting area is for irrigated agriculture, seven percent isI
for mining- and energy-related industry, and three percent is

for remaining uses.

Based on the estimated construction-water requirements of the MX

project, current ground-water withdrawals, and on the estimated

perennial yield, it is likely that ground-water withdrawals may

exceed the perennial yield in only a few of the nondesignated

or nonclosed valleys in the siting area. These valleys are Big

Sand Springs and Dry Lake/Muleshoe. In other valleys, the water

may not be available for appropriation because the valley is

either designated or closed. Eight such valleys exist in the

fIJGRG NATIONAL INC
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CURRENT ANNUAL ESTIMATED ANNUAL
VALLEY PERENNIAL YIELD GROUND-WATER(ACRE - FT/YR) GROUND-WATER USE AVAILABILITY

(ACRE - FT/YR) (ACRE - FT/YR)

ANTELOPE 4,000 437 3,563

BIG SAND SPRINGS 1,000 0 1,000

BIG SMOKY 1  9,000 33,9275 -24,927

CAVE 2.000 0 2,000

COAL 6,000 0 6,000

DELAMAR 3,000 7 2,993

DRY LAKE 2  3,000 0 3,000
DUGWAY 5,000 to 25,000 3,286 1,714 to 21,714

FISH SPRINGS FLAT 25,000 to 50,000 393 24,607 to 49,607

GARDEN 6,000 91 5,909

HOT CREEK 6,000 297 5,703

LAKE 3  17,000 14,166 2,834

LITTLE SMOKY 5,000 0 5,000

PAHROC4  unknown minor -

PENOYER 5,000 5,691 -691

PINE < 5,000 18 < 4,982

RAILROAD 75,000 4,206 70,794

RALSTON 6,000 1,005 4,995

REVEILLE unknown minor -

SEVIER DESERT 23,500 49,263 -25,763

SNAKE/HAMLIN 80,000 16,598 63,402

SPRING 75,000 4,828 70,172

STONE CABIN 2,000 970 1,030

TULE < 5,000 20 < 4.980

WAH WAH < 5,000 2 < 4,998

WHIRLWIND 5,000 to 25,0006 24 4,976 to 24,976

WHITE RIVER 37,000 4,328 32,672

NOTES:
11ncluds Alkali Spring Flat

2Includes Muleshoe Valley
3

Includes Patterson Wash Valley
4

Geographic Valley (pert of Pahranaget Basin)
5

Includes over 26,000 acre-ft/yr appropriated by mining activities under construction
6 System itrid: The maximum amount of surface and ground water which can be removed from a hydrographic area each year for an
indefinite period of time.
MINOk - le than 100 cre-ft/yr
Current ground-water use estimates are from the DRI and UWRL Industry Activities Inventories.

Perennial yield estimates are from various state and federal agencies except for the Sevier Desert which was calculated
by Fugro National based on published data.

Negative ground-water availability numbers indicate overdraft conditions.

Zero current annual ground-water use numbers indicate withdrawal
is very minor; however, a small amount of ground-water use may
occur in these valleys.

ESTIMATED GROUND-WATER AVAILABILITY
NEVADA-UTAH

MX SITING INVESTIGATION TABLE

DEPARTMENT OF THE AIR FORCE - BMO 3-4
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siting area. Additional appropriations in these valleys are at

the discretion of the state engineer. In these valleys, how-

ever, it may be possible to purchase or lease existing surface-

and/or ground-water rights or import water from a neighboring

valley where water is more plentiful for the approximate two-

to three-year estimated construction period.

Estimating future water demands within the siting area was also

included as part of the water-use inventories. Mining- and

energy-related water uses were found to represent the only

industrial activity with the potential for substantial increase

in demands for the near term. New and revived mining activities

and the cooling needs of possible new coal-fired electric power

plants represent the chief competitors of MX for the available

water. The potential increase in the water use for mining and

energy represents an increase in total water demands in the

study area of about 25 percent. It is unknown, however, whether

or not all of these potential increases will be developed during

the projected life of the MX project.

Results of the water-use inventories indicate that there is the

potential for conflicts in use of the available water resources

of the area. It is possible, however, that water supplies

developed by mining or other industrial concerns could be leased

by the Air Force for the short (two to three years) duration of

construction in a particular ground-water basin to mitigate

these conflicts.

"iiGRO NATIONAL INC
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3.8 CONTRIBUTIONS TO THlE MX DRAFT ENVIRONMENTAL IMPACT STATE-

MENT (DEIS)

On 15 May 1980, Fugro National submitted a report to BMO and

Henningson, Durham, and Richardson (HDR) of Santa Barbara,

California, covering the results of the hydrogeologic investiga-

tion of 16 valleys and an overview of the water resources of the

siting area. The report was titled "MX Siting Investigation,

Water Resources Program, Summary for Draft Environmental Impact

Statement" (FN-TR-38) and was intended to serve as the basis for

the DEIS water-resources-related sections to be prepared by HDR.

On 16 July, Fugro National was requested by the AFRCE to conduct

a technical review of the DEIS prepared by HDR. This and

several subsequent reviews were completed by 17 September.

N
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4.0 AGGREGATE RESOURCES PROGRAM

4.1 BACKGROUND

The MX Aggregate Resources Program began in 1977 with an initial

Phase I investigation of the Department of Defense (DOD) and the

Bureau of Land Management (BLM) lands in California, Nevada,

Arizona, New Mexico, and Texas (FN-TR-20D). This program iden-

tified and ranked, on a regional basis, potential sources of

concrete aggregate that could be used for construction of the MX

system. Refinement of the potential MX siting area in FY 79

added portions of Utah and Nevada that were not studied in the

initial Aggregate Resource Evaluation Investigation (AREI) of

the Nevada-California areas (FN-TR-20D). This additional area

was defined as the Utah Aggregate Resources Study Area (FN-TR-

34); the boundaries of this area are shown in Figure 4-1.

Valley-Specific Aggregate Resources Studies (VSARS) were initi-

ated in FY 79 and have continued into FY 80.

4.2 OBJECTIVES AND SCOPE

The primary objective of the Aggregate Resources Program is to

identify and rank potential aggregate sources which are suitable

for use in concrete structures and for road construction for the

MX program. A three-phased program has been developed with each

phase becoming more detailed. The first-phase regional study

has been completed as discussed in Section 4.1. The second-

j phase studies consist of valley-specific studies to classify

basin-fill deposits and rock for suitability in concrete mixes

and for road construction. The third phase consists of detailed

r fiGRO ,ATIO .L Mb
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NEVADA UTAH

SALT LAKE CITY
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*4 \ TONOPAH
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LAS VEGAS

UTAH-NEVADA REGIONAL
AGGREGATE STUDIES\\

EXPLANAT ION

-- NEVADA-CALIFORNIA AGGREGATE RESOURCES STUDY AREA,
FT 78 (FN-TR-200)

UTAH AGGREGATE RESOURCES STUDY AREA. FT 79+

SC ALE 1: 5. 000, 000
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studies within a valley to determine the vertical and lateral

extent of potential borrow sites. The third phase of studies

will be performed in FY 81.A
The main activity in FY 80 has been the valley-specific program.

The scope of work for a valley is as follows:

o Identify and sample potential aggregate sources in the
valley and adjacent mountains;

o Perform laboratory tests - gradation, L.A. abrasion, MgSO 4
soundness, alkali reactivity, and specific gravity and ab-
sorption;

o Compile and evaluate test data; and

o Prepare valley reports with the results of the study and
conclusions.

4.3 STATUS OF PROGRAM

The progress of the Aggregate Resources Program i_ summarized in

Table 4-1. Field studies were completed in three valleys in

September 1979 and in 11 more valleys in FY 80 (Figure 4-2).

* Reports for the first eight valleys investigated were submitted

in June 1980 and the remaining reports are to be submitted in

I FY 81.

4.4 RESULTS AND CONCLUSIONS

From the regional studies, it is concluded that sufficient

volumes of material to satisfy the aggregate requirement of the

MX system appear to be available from a variety of basin-fill

and/or rock sources within the study area.

4.4.1 Results

The most extensive potential basin-fill sources are found in

alluvial fan deposits which are distributed thrroughout the

Tii CO NATIONAL IO
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VALLEY FIELD WORK COMPLETED REPORT DATE

Whirlwind September 1979 June 1980

Hamlin September 1979 June 1980

Snake September 1979 June 1980

White River October 1979 June 1980

Dry Lake November 1979 June 1980

Muleshoe November 1979 June 1980

Delamar November 1979 June 1980

Pahroc November 1979 June 1980

Pine August 1980 February 1981 (est)

Wah Wah August 1980 February 1981 (est)

Tule August 1980 May 1981 (est)

Lake September 1980 February 1981 (est)

Garden September 1980 July 1981 (est)

Coal September 1980 July 1981 (est)

I.
iSUMMARY OF VALLEY -SPECIFICAGGREGATE RESOURCES STUDIES
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entire area. Older lacustrine deposits are of apparent higher

quality than alluvial fan units but are confined to the north-

eastern portion of the siting area. The gradation of sand and

gravel in both of these deposits may be a limiting factor in the

processing of the material for high strength concrete and

road-base aggregates.

Potential rock sources that will probably yield high quality

processed aggregate are widely distributed throughout the study

area. Most mountain ranges that border the basin areas are

comprised wholly or in part of Paleozoic and Precambrian carbon-

ate and quartzitic rocks with scattered Quaternary basaltic

rocks located in valley areas. Quartzitic rocks are typically

of higher quality than limestone and dolomite carbonate rocks

but are areally more limited. Basaltic outcrops are restricted

to the eastern portion of the study area and are less desirable

sources for concrete aggregate than either carbonate or quartz-

itic rocks.

4.4.2 Conclusions

From the valley studies, it is concluded that all investigated

valleys appear to have adequate gravel, sand, and crushed rock

sources, although individual quality and quantity vary. Valleys

influenced by Pleistocene Lake Bonneville (Whirlwind, Wah Wah,

Snake, Tule) have abundant, well-defined, high quality gravel

reserves deposited In older lacustrine shoreline landforms.

Valleys where alluvial processes were dominant possess somewhat

[ lower quality and less distinct gravel reserves deposited in

alluvial fans.

V~ GfJIRO NATIONAL60
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High quality sources of sand are of limited distribution. The

only major sources of suitable high quality sand are located in

(older lac|strine or alluvial deposits derived directly from

rjranitic rock sources (e.g., Deep Creek Range bordering Snake

Valley).

Sources of high quality crushed rock are available for all

valleys. Paleozoic and Precambrian carbonate and quartzitic

rock units are extensive and widely distributed in numerous Utah

and Nevada formations. In addition, individual units within

widespread undifferentiated Tertiary volcanics will also supply

acceptable crushed rock sources.

High quality rock sources are generally more readily available

than high quality basin-fill sources. However, because of the

higher cost of developing aggregate from rock sources, it

generally will be more economical to develop available basin-

fill sources.

!
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5.0 TOPOGRAPHIC MAPPING AND AERIAL PHOTOS

5.1 BACKGROUND

Topographic map sheets at a scale of 1:4800 (1"=400') (1 cm=

48 m) were produced for Dry Lake Valley, Nevada, in FY 79 as

part of the MX shelter layout methodology. These map sheets

were photographically reduced to a scale of 1:9600, and layouts

were done at both scales. The contour interval was 5 feet

(1.5 m) for the south half of the valley and 10 feet (3.0 m) for

the north half. From the study, it was concluded that a scale

of 1:9600 was the preferred scale for future shelter layout

studies.

5.2 FY 80 PROGRAM

5.2.1 Maps at 1:9600 Scale

The decision was made to continue producing maps of selected

valleys at a scale of 1:9600 so that more refined layouts could

be completed as demonstrated in the methodology studies in Dry

Lake Valley. The valleys selected were those near Dry Lake

Valley: Muleshoe, Delamar, Pahroc, and Cave. For these maps, a

10-foot contour interval was selected.

In April and May 1980, the AFRCE proposed to initiate field

surveys in selected Nevada and Utah valleys for purposes of

testing cluster layout procedures and determining potential

field problems in actual shelter siting. The valleys selected

for this study were Dry Lake Valley, Nevada, and Pine and Wah Wah

valleys, Utah. In order to produce the required accuracy for

these methodology studies, it was decided to use the 1:9600

F .IGRO NATIONALINC.
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topographic maps. Since no maps of that scale existed for the

Utah valleys, maps were developed. As in the other 1:9600-

mapping programs, the existing aerial photography at a scale

1:25,000 was used.

5.2.2 Maps at 1:62,500 Scale

Fugro National was directed to start working on 1:62,500 scale

shelter layouts for all valleys in the DDA in February 1980 to

support the land withdrawal application. In reviewing the

available topographic maps, it was determined that the most

detailed maps for five valleys were the existing U. S. Geologi-

cal Survey (USGS) 20 topographic map sheets (1:250,000, i" 4

miles) (1 cm=2.5 km). It was concluded that these maps were not

of sufficient detail for layouts. A program was initiated to

produce new maps at a scale of 1:62,500 with 10-foot contours.

The five valleys identified were: Garden, Coal, Penoyer, Rail-

road, and the west half of Snake (i.e., the portion in Nevada).

5.3 STATUS OF MAPPING PROGRAM

The topographic maps completed in FY 80 are shown in Figure 5-1

and summarized in the following table:

TOPOGRAPHIC MAPS COMPLETED IN FY 80

1:9600 Scale 1:62,500 Scale
Muleshoe Garden

Delamar Coal
Pahroc Penoyer
Cave Railroad
Pine Snake (west half)
Wah Wah

5.4 AERIAL PHOTOS

As Verification and layout studies progressed and suitable area

decreased, it became apparent that additional valleys would be

fuGRO NATIONAL, INC.
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needed if the entire MX system were to be deployed in Nevada and

Utah. Six "northern" valleys were identified as possible

I de!pIoyment areas: Monitor, Kobeh, Newark, Long, Butte, and

Jakes (Figure 5-2). The decision was made to obtain new color

aerial photos of the valleys at a scale of 1:25,000 with suffi-

cient overlap for stereoscopic coverage. Flying for the new

task started in August 1980. As of the end of October, the

flying and film processing were 90 percent completed and one-

third of the prints were available.
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6.0 SHELTER LAYOUT STUDIES

6.1 BACKGROUND

Fugro National began multiple protective structure (shelter)

layouts in FY 79. These first studies were initiated to develop

a methodology and procedures using Dry Lake Valley, Nevada, as

the study area. At that time, the loop concept was being con-

sidered and a variety of shelter spacings, ranging from 5000 to

7000 feet (1520 to 2140 m), were applied. Initial layouts were

performed at a scale of 1:62,500 (1" = 1 mile) (1 cm=625 m) with

some experimentation of transferring these layouts to larger map

scales (1:4800 and 1:9600). Based on these studies, it was

concluded that 1:9600 (1"=800') (I cm=96 m) was a good scale for

preparing preliminary layouts. At that scale, it is possible to

make adjustments for terrain and geotechnical conditions which

were not possible at the smaller scale of 1:62,500.

J6.2 FY 80 PROGRAM

The original plan for FY 80 was to prepare layouts for six

valleys at a scale of 1:62,500 and then do more detailed

layouts of the same valleys at a scale of 1:9600. The valleys

selected were those adjacent to Dry Lake Valley; the same

valleys in which topcgraphic maps at a scale of 1:9600 were also

being made (Section 5.2).

In February 1980, Fugro National was redirected to prepare shel-

ter layouts for all valleys in the DDA at a scale of 1:62,500

for purposes of supporting the land withdrawal application. In

the same month, a shelter layout report was submitted for the

"GRO NATIONAL IO
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previous methodology studies in Dry Lake Valley. At the time of

the redirection, final decisions had not been made on the basing

mode and shelter spacing.

Between February and May, shelter layouts were prepared for a

variety of concepts and spacings. On 6 June 1980, Fugro Nation-

al received from the BMO/AFRCE a document entitled, "MX Site

Layout Requirement for a Horizontal Shelter with Separate

Transporter and Erector Launcher System - Nevada/Utah." This

document provided the criteria for performing layouts since the

date of the document.

As work was progressing on the valley layouts in the last four

months of FY 80, Fugro National was also requested to produce

regional layouts (scale 1:500,000) of the entire 200-cluster

system in Nevada and Utah.

6.3 OBJECTIVES

The redirection of the layout program in February 1980 was

necessary in order to meet the requirements of land withdrawal.

The land withdrawal package must include a legal description of

federal lands to be withdrawn for MX. In order to complete the

task, it is necessary to complete the shelter layouts for each

valley in the DDA. The final product is a legal description for

j each 2.5-acre parcel for each of the 4600 shelter sites. Legal

descriptions are also required for all other MX structures

j requiring withdrawn federal land (i.e., CMFs, RSSs, Area Support

Centers [ASCs], OB, etc.).

[ JR0 NATIONAL INO
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6.4 SHELTER LAYOUT CRITERIA

The key elements of layout criteria, as identified in the 6 June

1980 BMO/AFRCE document, are as follows:

o Open hexagonal pattern;

o Shelter spacing of 5200 feet + 200 feet (1580 m + 60 m);

o Not more than three nearest neighbors;

o A backfill concept with space for 34 or 35 shelters in each
cluster but with only 23 sited;

o Shelter orientation away from the nearest neighbor by 550
to 600 degrees; and

o North-south orientation of clusters where possible.

In addition to these major criteria, the document listed areas

to be avoided and a number of quantity-distance requirements for

shelters and the Designated Transportation Network (DTN). As

work progressed on the layouts, additional layout criteria or

considerations were developed. These later considerations were

apilied on an "avoid-if-possible" basis and are:

o Avoid adverse terrain;

o Avoid active playas;

o Avoid large drainages;

o Avoid active or potentially active faults; and

o Avoid private property and patented mining claims.

6.5 METHODOLOGY

6.5.1 Regional Layouts

The regional layout methodology is shown in the flow chart

(Figure 6-1). The starting point in the layout process is a

suitable area map of the valley. As shown in the flow chart,

IuGRG NATIONAL MO
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the determination of suitable area is from Intermediate Screen-

ing results, reconnaissance field surveys, and Verification

:;tJidles. Since Verification studies are still in progress,

jgeotechnical suitability is based on previous studies for some

valleys. For these valleys, the boundaries will change when

Verification studies are completed.

The regional layouts at a scale of 1:500,000 are produced by

preparing preliminary valley layouts at a scale of 1:62,500.

Using this approach, regional layouts were produced on the

following dates: 1 July, 17 July, 2 September, and 26 Septem-

ber. The most recent regional layout is shown in Figure 6-2

and also as Drawing 6-1.

Each new regional layout shows the latest changes in suitable

area and improvements in cluster layouts for those valleys where

detailed cluster layouts have been completed. This is a con-

jtinuing process which will not be completed until:

o Verification studies have been completed and geotechnical
suitable area boundaries have been refined;

o Detailed valley layouts have been completed; ana

o Final routing of the DTN has been completed.

6.5.2 Valley Layouts

The procedures for valley layouts are shown in the flow chart,

Figure 6-3. Prior to starting a layout, it is necessary to have

a map showing the suitable area boundaries and have information

on the geotechnical and cultural conditions. The procedures are

I
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demonstrated conceptually in Figures 6-4, 6-5, and 6-6. Figure

h 6-4 shows the suitable area boundary and identifies the geotech-

nical factors that have been considered: a playa, active or

potentially active fault zones, potential sheet wash flood

areas, and average slopes greater than five percent. Figure 6-5

shows the seven cultural factors which have been considered.

The continuous north-northeast trending corridor represents the

quantity-distance standoff criteria applied for a proposed

powerline. Figure 6-6 shows the conceptual shelter layout which

consists of two clusters connected to the DTN at the north end.

Although the figures are conceptual, they do illustrate that a

number of factors influence the layouts and not all of the

suitable area is usable for MX siting.

The status of valley layouts, as of 31 October 1980, is shown in

j Figure 6-7. Layouts were in various stages of development for

19 valleys. Layouts for six valleys has been submitted to the

AFRCE for review.
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7.0 FIELD SURVEYS, IOC VALLEYS

7.1 OBJECTIVES

The objectives of the field surveys in the IOC valleys are to

develop a methodology and identify problems associated with

j locating shelters in the Nevada-Utah siting area. Potential

problems can be either geotechnical, cultural, or environmental,

and if a problem is identified, the study will help in identi-

fying the extent of the problem and possible solutions. In

particular, it is important to know how many sites will have to

be relocated and by how much. When sites are relocated, is

there adequate space and will the layout criteria be violated?

These studies will help to determine if any changes are needed

in the present layout criteria or procedures.

The term "IOC valleys" has been included in the definition of

the program because the valleys that have been selected for the

I study are likely to be the valleys where construction of the MX

system would start. The shelters constructed in the valleys

would be the ones used for the Initial Operational Capability

(IOC) of MX. The valleys selected for the study are: Dry Lake

Valley, Nevada, and Pine and Wah Wah valleys, Utah (Figure 7-1).

The valleys are close to the respective candidate OB sites at

Coyote Spring, Nevada, and Beryl and Milford sites, Utah.

7.2 SCOPE

The elements of the study are as follows:

o Complete shelter layouts for the three valleys at a scale of
1:62,500, showing all shelter, CMF, and RSS locations. The
layouts are included in pockets at the end of the section and

fT GnE~o NATIONAL. IC
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show ten clusters in Dry Lake Valley (Version 8A, Drawing
7-1) and five clusters each in Pine (Version 1, Drawing 7-2)
and Wah Wah (Version 2, Drawing 7-3) valleys.

o Submit the layouts to the BMO/AFRCE for review. Modify the
layouts, if needed, in accordance with review comments.

o After review and approval of the drawing, transfer the
layouts to 1:9600 (1"=800'; 1 cm=96 m) topographic sheets
with 10-foot (3 m) contours. Adjustments to the site loca-
tions may be necessary to avoid drainages or other geotech-
nical considerations that can be identified at this larger
scale.

o Determine the state plane coordinates and bearings of all
structures and provide this information to the field survey
teams. Also determine the coordinates of points of intersec-
tion of the DTN and roads in Cluster 2, Dry Lake Valley.

o The field survey teams locate each structure and place
monuments to identify the sites. The DTN route and Cluster 2
roads in Dry Lake Valley will also be staked.

o Environmental and geotechnical teams inspect each site and
staked roads to determine if they are acceptable. If there
are problems, the shelters are relocated and the coordinates
of the new locations are determined.

o Legal descriptions are prepared for each shelter, CMF, and
RSS site.

o An environmental report and a general report of the program
are prepared.

7.3. METHODOLOGY

The procedures used in preparing layouts at a scale of 1:62,500

were previously explained in Section 6.0. The methodology in

this section explains the procedures after the 1:62,500 layouts

have been completed and approved by the BMO/AFRCE. The process

j is as follows:

o The layouts are transferred to topographic sheets having a
scale of 1:9600 with 10-foot contours. During the transfer
process, shelter locations are adjusted to avoid geotech-
nical, cultural, or environmental problems.

o After all adjustments have been made to the locations of
shelters, CMFs, and RSSs, reference points are digitized

fUGRU NATIONAL IN.
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for each structure. The reference point for a shelter is
the intersection of the centerline with the outside edge of
the door opening.

o The digital data are fed into a computer program and the
print-out consists of state plane coordinates of the refer-
ence points and the bearing of the structures. The program
also prints out the distance to neighboring shelters to
provide a check on the spacing criteria.

o The coordinate and bearing data are given to the surveyors
who input them into their own computer programs to provide
the information they need to locate the structures in the
field.

o The field procedures are explained by the flow chart (Figure
7-2). As shown by the chart, if a shelter has to be relo-
cated, it must be resurveyed and inspected.

O Each site is identified by monuments consisting of 4-inch
(10-cm) diameter caps attached to 3/4-inch (1.9-cm) rebars.
Shelters are identified by three monuments (Figure 7-3) and
CMFs are located by six monuments (Figure 7-4). RSS sites
are identified by six monuments with the same configuration
as CMFs except the site area is 100 feet by 100 feet (30 m by
30 m).

o The environmental survey area for shelters consists of over
12 acres (4.9 hectares; ha) and the dimensions are shown in
Figure 7-5. The survey area for CMFs and RSSs consists of
nearly 20 acres (8 ha) (Figure 7-4) and 6 acres (2.5 ha),
respectively.

7.4 SCHEDULE

The work started in Dry Lake Valley and key dates are as fol-

lows:

o Mobilization of survey teams - 28 August;

o Opening of field office in Caliente - 29 September;

o Mobilization of environmental teams - 29 September;

o Completion of field surveys - 6 November;

o Field review of progress - 12 November;

o Completion of environmental inspections - 18 November;

o Completion of geotechnical Inspections - 3 December (esti-
mated); and

*.UGRO NATInNAL. ING.
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o Completion of resiting - 13 December (estimated).

Field surveys started in Pine Valley on 3 November. The field

work is expected to be finished in mid-December if there are no

delays due to adverse weather. Field work is to start in Wah

Wah Valley in early December and will be completed in January or

later, depending on weather conditions.

7.5 RESULTS

Since field work is still in progress in Pine and Wah Wah

valleys, results are presented only for Dry Lake Valley. Of the

230 shelters located, 15 had to be relocated distances varying

from 150 to 1000 feet (46 to 305 m). The reasons for relocation

are as follows:

o six sites because of washes or active drainage areas;

o two sites because of ground cracks;

o three sites because of significant archaeological findings;

3 o one site because it is near a rock outcrop;

o one site because of a fault; and

J o two sites because another site was moved.

No CMFs or RSSs had to be moved. A 6-mile (9.7 km) segment of

the DTN in the southern part of the valley had to be moved a

maximum distance of 400 feet (122 m) to avoid significant

archaeological findings.

GR NATIONAL ON0
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8.0 OPERATIONAL BASE STUDIES

H. I HACKC<(fOUND

In rlovmbe.-r 197s, Fuqso National was tasked to conduct studies

supporting the selection of an operational base location for the

MX system in the Nevada-Utah siting area. The studies were to

include information about water supply, land ownership, existing

and proposed transportation systems, terrain, and geotechnical

conditions. Using this information, Fugro National was to

prepare conceptual layouts showing the Operational Base (OB),

Designated Assembly Area (DAA), Missile Assembly Buildings

(MAB), and Operational Base Test Site (OBTS).

8.2 SCOPE AND OBJECTIVES

The proposed operational sites at Milford, Delta, Ely, Coyote

Spring, and Beryl (Figure 8-1) were evaluated to determine their

geographic, cultural, geotechnical, and geohvdrologic character-

istics. Geographic and cultural data were compiled from BLM

master title plats and available topographic maps. The geotech-

V nical and geohydrological conditions were evaluated by a review

of geologic and hydrologic literature and maps and by interpre-

tation of aerial photographs (1:25,000 or 1:60,000 scale). In

some cases, these data were supplemented with data from the

ongoing Verification studies.

In general, the studies were limited to evaluating the relative

I suitability of the areas as potential OB sites using subjective

geotechnical criteria. Proposed options for operational base

layouts were based on best estimates of the actual conditions
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on-site and, at least initially, no ground reconnaissance was

made of the sites. Separate reports on each of the five poten-

tial sites were submitted to the BMO/AFRCE between 27 February

and 13 June 1980.

8.3 SITING STUDIES

8.3.1 Chronology

At the outset of the siting studies, it was recognized that

extensive investigation would be required before a final site

could be selected. It was decided, therefore, that Fugro

National would begin by quickly providing as much information as

possible about a number of sites. In response, Fugro National

submitted a preliminary report on 21 December 1979 titled

"Initial Operational Base Report." Eleven possible sites were

identified in that report and various conceptual layout options

were presented.

In January 1980, Fugro National was informed by the BMO that

Strategic Air Command's (SAC's) preference for an operational

base was the Coyote Spring/Kane Springs area in Nevada. Fugro

National, therefore, concentrated its continuing studies in this

area. An interim report on Coyote Spring and Kane Springs

valleys was submitted on 27 February 1980 (FN-TR-35).

Subsequently, Fugro National was asked to study possible opera-

tional base locations in the Milford area of Escalante Desert,

Utah, the Ely area of Steptoe Valley, Nevada, and the Delta area

of Sevier Desert, Utah. Reports on the Milford, Ely, and Delta

fiGRO NATIONAL *1O
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area sites were submitted to the BMO/AFRCE on 10 March, 31

March, and 15 May 1980, respectively.

In May 1980, the Strategic Air Command had completed an evalu-

ation of potential OB sites with a resulting preference for the

Beryl area in Escalante Desert, Utah. Fugro National was re-

quested to conduct a study of the Beryl area similar to those

done for the other potential sites. The report on the Beryl

area was submitted on 13 June 1980. This report, like its pre-

decessors, included several OB layout options, as well as gener-

al geotechnical, geohydrologic, cultural, and geographic infor-

mation for the study area.

On 16 July 1980, a working group on operational base siting
was formed by the AFRCE. The purpose of the group was to inte-

grate the base siting efforts of several Air Force agencies

and subcontractors toward the single objective of identifying

I land for withdrawal. In addition to Fugro National, the group

included SAC, BMO, AFRCE, Strategic Air Command Systems Opera-

tion (SACSO), TRW, Parsons, Martin Marietta, and the Corps of

Engineers. In mid-August, the working group made a reconnais-

sance of each of the five sites, at which time, the siting

preferences of the members were aired, and numerous layout

options were developed. Refined layouts, based on the siting

preferences of this group, were completed on 20 August 1980, at

which time boundaries for a real estate study (preparatory to

land withdrawal/acquisition) were provided to the Corps of

Engineers.

i "GRO NATIONAL. ONO
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8.3.2 Layout Options

AThe operational base will include; 1) the main base, 2) a desig-

nated assembly area, 3) an operational base test and training

i site, 4) the support community (military), and 5) a marshalling

i yard. Each of the centers has a specified size (Table 8-1) and,

in some cases, a specified distance from other centers or struc-

tures. Additionally, for most of the centers, there are pre-

ferred siting conditions, i.e., conditions which are desir-

able but which are not specified criteria.

Layout options for the five sites (based on the working group

preferences) are shown in Figures 8-2 through 8-9. These

layouts are responsive to the required area and separation

distance specifications. At the same time, they represent an

attempt to optimize the base siting to the geotechnical and

cultural conditions in the siting areas. Geotechnical and

cultural conditions for each layout option are summarized in

I Table 8-2.

8.4 ADDITIONAL STUDIES

Additional office and field studies in each of the OB site areas

were planned during August and September 1980. These studies

are designed to provide preliminary technical data on character-

istics of each OB site and will be part of the FY 81 program.

N
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- MAINTENANCE MISSILE ASSEMBLY AREA
- DAA SUPPORT FACILITIES
- WEAPONS STORAGE AREA

* OPERATIONAL BASE TEST AND 2200 3.4
TRAINING SITE (OBTS) (76 FENCED) (0.12)

-CLUSTER MAINTENANCE FACILITY (CMF)
- TEST SUPPORT BUILDING (TSB)

- HORIZONTAL SHELTER SITES (HSS) WITH ONE
NUCLEAR HARDNESS AND SURVIVABILITY (NH+S)

HSS
REMOTE SURVEILLANCE SITE (RSS)

9 MARSHALLING YARD 205 0.32
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-MEDICAL SERVICES
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9.0 MINERAL RESOURCES SURVEY

9.1 BACKGROUND, OBJECTIVES, AND APPROACH

In June 1980, Fugro National, Inc. was tasked to carry out a

mineral resources survey of the MX siting area in Nevada and

Utah (Figure 9-1). The survey was done to develop the necessary

information on mineral and energy resource potential to accom-

pany the MX application for land withdrawal. The scope of the

survey was guided by the regulations for land withdrawal con-

tained in the Federal Land Policy and Management Act of 1976.

The survey was completed in October 1980.

The objective of the Mineral Resources Survey was to inventory

and evaluate past and present mineral and energy resource activ-

ities in the MX siting area. This was to be done in sufficient

detail so that potential future mineral exploitation in the MX

deployment areas, and the impacts of the MX system on future

mineral activity, may be assessed.

The survey drew heavily on existing published and unpublished

data such as geologic and structural data; mine and mining

district reports; aeromagnetic, seismic and gravimetric data;

and an inventory of all claims and leases. These data were

supplemented by an update of the claim and lease inventory, a

review of existing high altitude aerial photography and remote

sensing data, contact with mining companies and individuals

with interests in the siting area, field examination of signif-

icant mineral occurrences and major active mining operations,

and consultation with experts knowledgeable of present and

-UfRD WATIONAL INC
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future resource potential in the area. Evaluation of the

mineral resources of the entire MX siting area provided a

framework within which the resource potential in the MX deploy-

ment areas could be assessed. In addition, the potential market

demands of the mineral commodities in the siting area were

considered.

9.2 NEVADA-UTAH MX SITING AREA

The Basin and Range geologic province, which includes the MX

siting area, is one of the most highly mineralized areas in

the United States. The local sedimentary and igneous rocks,

as well as the overall tectonic framework of the Basin and Range

Province, have both contributed to the formation and localiza-

tion of economic deposits of metals, nonmetallic minerals, and

oil arid gas. This localization has occurred along major metal-

A logenic provinces or "mineral belts" in Nevada and Utah (Fig-

ure 9-2).I
The mountain-valley physiography which typifies the Basin and

Range Province has largely limited historical mineral exploita-

tion to the exposed mountain areas, while the alluvium-filled

valleys have been little explored. More recent exploration has

drifted toward the valley areas where favorable geologic

conditions exist beneath the valley-fill materials.

The principal metals produced in the siting area ar#.: silver,

gold, lead, zinc, copper, tungsten, molybdenum, uranium, and

beryllium. The principal nonmetallic minerals are: alunite,

TG NATIONALM
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barite, and fluorspar. Some oil and gas production also occurs

in the siting area.

The Mineral Resources Survey considered four classifications

of mineral potential: high, good, speculative, and low. Based

on known mineral occurrences (including oil and gas) and favor-

able geologic environments within the siting area, evaluations

of mineral potential for new economic discoveries to the year

2000 and beyond were made.

9.3 MX DEPLOYMENT AREAS

It is expected that there will be areas in the DDA that could

have high or good potential for economic mineral deposits. The

geologic ingredients necessary for the generation and storage of

oil and gas are present in the siting area, but regional geo-

logic complexity has retarded discoveries.

Implementation of the MX system could cause some hindrance

to the wining and petroleum industries, mainly in the form of

curtailment in size and scope of exploration, restriction in

size of future mining operations, and competition in the market-

place for labor and materials. Construction of the system will,

of necessity, spur the development and mining of aggregate and

stone materials.

I
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10.0 FAULT AND EARTHQUAKE HAZARDS PROGRAM

10.1 BACKGROUND, SCOPE, AND OBJECTIVES

The Nevada-Utah siting region, although not among the most

seismically active areas in the western United States, is

nonetheless situated in a geologic province characterized by

historically large earthquakes and active faults. The most

significant potential earthquake hazards for the MX system are

fault ruptures beneath hardened facilities and strong ground

shaking which could interrupt operations. Additionally, system

operations may be affected by ground ruptures beneath the trans-

portation and communications networks.

Fugro National's investigation of active-fault and earthquake

hazards to date has consisted of 1) a literature study aimed at

characterizing the seismicity of the Nevada-Utah siting region,

and 2) a series of office and field studies to delineate active

or potentially active faults in the FY 79 and FY 80 Verification

valleys. The results of the regional seismic assessment, as

well as the office portions of the valley-by-valley study of

faulting in the FY 79 Verification sites, were submitted in a

report titled "Interim Report on Active Faults and Earthquake

Hazards" (FN-TR-36; 26 March 1980). The valleys in which field

studies of faulting have been done to date are shown in Fig-

ure 10-1.

10.2 REGIONAL ASSESSMENT

To assess the seismic activity in the siting region, Fugro

National assembled a listing of epicenters and magnitudes (or

"UGRD NATIONAL. 1"0



::7N

<I

I<

- -3

tf

0)

z MXYNG IVA ESTIGA TN A iGt?

__ _ _ _- DI PAR M N O THE A O~ M F1n1 s o

_________N O________ _____$NO.

26No,, .40



I FN-TR-42
91

intensities) for all earthquakes which have occurred within 30

miles (48 km) of the Verification valleys. Additionally, data

were acquired for all larger, significant earthquakes which have

occurred within 200 miles (322 km) of the siting region. This

effort utilized our inhouse files, U.S. Geological Survey files,

and catalogues compiled by the University of Nevada and the

University of Utah. The result is a comprehensive study of

known earthquakes which has allowed us to analyze, in detail,

Ithe seismicity characteristics of the region.

The regional assessment (Drawing 10-1) shows that the siting

region has had a low level of seisinicity during historic time

compared to other portions of Nevada and Utah. The siting

region is flanked by two zones having higher levels of seismic

activity. One of these zones (the Dixie Valley-Fairview Peak

zone) possesses many of the same geologic characteristics and

tectonic style as the siting region. These similarities suggest

I that the earthquake hazards of the Dixie Valley-Fairview Peak

zone may be applicable to the siting region as well.

10.3 VALLEY STUDIES

Fugro National's valley-by-valley study of active fault hazards

in the siting region has included:

1. Identification of active and potentially active faults from
the geologic literature and from the results of our ongoing
Verification studies;

2. Identification of active and potentially active faults
through a thorough review of the 1:25,000 color stereo air
photos; and,

'NI "fu NATmaL mHc
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13. Field verification of fault traces and estimates of activity

for faults identified in 1 and 2 above.I
The results of these studies have been compiled as maps of fault

traces at a scale of 1:62,500 and have been utilized in the Ver-

ification, Water Resources, Shelter Layout, Mineral Resources,

A and Operational Base Studies programs.

I The valley studies indicate that there are Holocene (<12,000

years old) and Late Quaternary (<700,000 years old) faults in

and near the majority of the FY 79 and FY 80 Verification val-

leys (Drawing 10-2). Most of these young faults have a vertical

component of displacement and -ften form conspicuous steps (up

1 to 20 feet [6 m] high) in the allu:ium or colluvium at or near

the base of the mountains. Typical of Great Basin faulting,

most of the faults observed during this study are down-to-basin

normal faults. Although many short segments trend northeast-

erly and lie within the alluvium of the basins well away from

i the mountains, the major trends are more northerly and form

mountain-block bounding faults.

I

!IU GRO NATIUNaL INC
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I
11.0 GRAVITY PROGRAM

11.1 BACKGROUND, SCOPE, AND OBJECTIVES

Gravity surveys have been included in the MX siting investiga-

tions since 1977. The gravity data are obtained for the purpose

of estimating the gross structure and shape of the basins and

the thickness of the valley fill. These estimates are valuable

in studying ground-water regimes and for modeling by the MX

Survivability and Hardness community. Gravity surveys also have

the potential of detecting areas of shallow rock that might be

between the widely spaced borings and seismic refraction lines.

JImplementation of the gravity program is a joint effort between

the Defense Mapping Agency and Fugro National, Inc. The Defense

IMapping Agency, Hydrographic/Topographic Center (DMAHTC) per-

5 forms the field work to obtain the gravity measurements. The

Defense Mapping Agency, Aerospace Center (DMAAC) calculates the

I outer zone terrain corrections for each gravity measurement

station and provides existing data from its library. Fugro

I National calculates inner zone terrain corrections, where

needed, and performs geologic interpretations based on the

gravity data. Interpretations based on gravity are planned for

[all of the valleys in the Nevada/Utah Designated Deployment

Area.

11.2 STATUS OF FIELD SURVEYS AND REPORTS

Prior to FY 80, gravity data have been acquired or were avail-

able for 11 valleys in the Nevada/Utah siting area.

I fiGRO NATIONAL. INC
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I Reports presenting the interpretations from these data were

I prepared in 1980. In some of these valleys, data were obtained

along widely spaced profiles; in others they were obtained on an

I approximately evenly distributed grid. The status of the

gravity field work as of 30 September 1980 is summarized in

i Table 11-1.

I Field work in FY 80 was planned for 20 new valleys with supple-

mental work in four of the valleys which only had profile data.

Field work in eight more valleys is planned for FY 81.

I The status of reports covering the gravity surveys is shown in

Table 11-2. Twelve reports are planned for FY 81 and nine for

FY 82.

I11.3 RESULTS OF FY 80 PROGRAM

i The gravity interpretations have demonstrated a wide diversity

in the depths, shapes, and complexity of structure in the basins

3in Nevada and Utah. Relatively wide, shallow pediments are

interpreted along the flanks of some valleys, whereas the bed-

rock in others appears to be at great depth very near the rock

outcrop lines. Some valleys are symmetrical in cross section,

appearing to be true grabens; others are asymmetrical as though

f formed by tilted blocks. Many faults are interpreted to be

trending across the dominant north-south orientation of the

Basin and Range structures.

I

• : . ., - . . . .. .
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12.0 OTHER GEOTECHNICAL PROGRAMS

112.1 ROAD DESIGN METHODOLOGY STUDIES

Road Design Methodology studies started in the last quarter of

FY 80. The MX system will have more than 7000 miles (11,300 km)

of operational roads on which the missile transporter, weighing

about 1.6 million pounds (.72 million kilograms), will be

shuttling missiles from cne shelter to another. The present

state-of-art design methodology does not extend to roads sub-

jected to such high loads as those of the missile transporter.

Therefore, a new road design methodology will have to be devel-

oped. Work related to the new design methodology was initiated

in July 1980. It consists of a mechanistic approach in which

the stress-strain and failure properties of pavement and in situ

soils are characterized by laboratory and field tests, and the

performance of the selected pavement sections evaluated through

numerical analyses simulating the loading arising from the ve-

I hicle. The response of the pavement is then assessed from com-

puted resilient and permanent deformations and comparisons with

predetermined design criteria. Laboratory tests, as well as

Iassessment and refining of computer analytical programs suit-

able for the mechanistic approach, started in FY 80.

12.2 MOBILITY TEST STUDIES

Geotechnical studies at four test tracks in Nevada Test Site

were performed to support the mobility test studies planned by

I Boeing Aerospace Corporation as part of MX missile transporter

3 design. The studies consisted of both field and laboratory
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I
investigations. The field investigation consisted of cone

penetrometer tests (CPTs), test pits, and in situ field density

and moisture content tests. The laboratory testing consisted of

I classification, compaction, relative density, California Bearing

Ration (CBR), and shear strength tests. The mobility tests

consisted of a Terex 33-15 vehicle traversing the test tracks.

This vehicle was equipped with 50/42 T tires inflated to 95

pounds per square inch (psi) (655 kilopascals; kPa) pressure;

i the wheel load was 65 kips (276 kilonewtons; kN) and tire

footprint was 19 inches by 42 inches (48 cm by 107 cm). Follow-

ing the mobility tests, CPTs were again performed to determine

I the changes in soil strength. The results of the studies were

presented in a progress report in August 1980.

I
I
I

I

iI

I
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13.0 FY 81 GEOTECHNICAL PROGRAMI
The FY 81 Geotechnical Program will consist of continuing the

Iprograms started in FY 79 and FY 80 in the Nevada/Utah siting

area. The major programs scheduled for continuation in FY 81

I are: Verification, Water Resources, and Aggregate Resources.

Other programs that are also scheduled for FY 81 are: Topo-

graphic Mapping, Shelter Layouts, Field Surveys, Operational

Base Studies, Mineral Resources, Fault and Earthquake Hazards

Evaluation, Gravity Interpretation, and Road Design studies.

All of these programs are described briefly in the following

sections.

13.1 VERIFICATION

Verification studies will continue in the following 12 valleys

* in FY 81: Antelope, Little Smoky, Reveille, Stone Cabin,
U

Ralston, Big Smoky, Jakes, Newark, Butte, Long, Kobeh, and

Monitor. It is also planned to submit Verification reports

for nine valleys which were investigated in FY 80.I
13.2 WATER RESOURCES

I The Water Resources Program will consist of continuing a number

of programs which were started in FY 79 and FY 80. The programs

are:

o Shallow aquifer reconnaissance of Jakes, Long, Butte,I Newark, Kobeh, and Monitor valleys;

o Drilling and testing of three shallow (<500 feet; <152 m)
well sets, two intermediate (>500 feet) well sets, and one
deep (>2,000 feet (>610 m]) carbonate well set in the DDA;
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o Development of a water management plan for the valleys in
the DDA and submittal of a report in September 1981; and

D )ata compilation and preparation of a progress report in

January 1981 and a technical summary report in July 1981.I
13.3 AGGREGATE RESOURCES PROGRAM

Valley-specific and detailed aggregate resources studies will be

performed in FY 81. The valley-specific studies will be per-

formed in Steptoe and Cave valleys and the detailed studies will

be carried out in Dry Lake, Muleshoe, Delamar, Pahroc, Pine, and

Wah Wah valleys. Valley-specific reports will be submitted for

nine valleys investigated in 1980 and reports will also be

submitted for the five valleys in which detailed studies will be

performed in 1981.

1 13.4 TOPOGRAPHIC MAPPING

It is planned to produce topographic maps for Hamlin and Lake

valleys at a scale of 1:9600 with 10-foot (3-m) contours. It is

also planned to produce topographig maps at the same scale for

candidate operational base sites at Coyote Spring, Beryl, and

I Milford. Field surveys will be performed at the Delta and Ely

sites, but no maps will be made unless such instructions are

given at a later date.

I 13.5 SHELTER LAYOUTS

LIt is expected that shelter layouts at a scale of 1:62,500 will

continue for the first half of FY 81 or until the cutoff date

for land withdrawal. The layouts will continue to be updated as

new information is received regarding suitable area, land
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status, cultural conditions, environmental impacts, and geotech-

j nical conditions. When a final version of a valley layout is

completed, legal descriptions will be prepared for all MX

structures to be included in the land withdrawal. It is also

g planned to prepare detailed layouts at a scale of 1:9600 for

those valleys where maps at this scale have been made.

13.6 FIELD SURVEYS, IOC VALLEYS

It is planned to complete the field surveys in Pine and Wah Wah

valleys. The procedures are the same as for Dry Lake Valley as

described in Section 7.0. The field work should be completed in

January or later, depending on weather conditions. A report

will be submitted about two months after completion of field

A work.

13.7 OPERATIONAL BASE STUDIES

Geotechnical studies, water resource studies, mineral surveys,

and environmental surveys are planned at the candidate opera-

tional base sites at Coyote Spring, Beryl, and Milford. The

mineral and environmental surveys will also be performed at the

Delta and Ely sites.

The geotechnical studies will be comparable to the Verification

field program and include the following activities at each

site:

o Photogeologic mapping and field checks;

o Ten to 15 borings;

o Fifty to 70 cone penetrometer tests;

o Twenty to 30 test pits;
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4 o Six to eight trenches; and

0 Fifteen to 20 seismic refraction and electrical resistivity

soundings.

The Water Resources Program will consist of the following activ-

ities:

I o Shallow aquifer reconnaissance studies of all three OB sites;

o Shallow aquifer drilling and testing of one well set at each
of the three OB sites; and

o Drilling and testing of one carbonate well set at the Coyote
Spring OB site.

A mineral resources survey is to be performed at all five OB

sites. The study is to include the following tasks:

o Inventory all mining claims, state and federal leases, and
nonfederal fee ownerships;

j o Review past and present mining activity;

o Determine potential for mineral resource occurrences;

I o Examine on-site any reported or projected mineral occur-
rences; and

o Define the extent of past or present exploration.

An environmental survey will be performed for the OB sites. An

overview of the cultural and biological resources will be per-

Iformed for all five sites by searching the literature and rec-

ords. Field reconnaissance studies will be carried out at the

Coyote Spring, Beryl, and Milford sites to check known resource

I areas and sample unknown areas.

13.8 ACTIVE FAULT AND EARTHQUAKE HAZARDS STUDY

The Active Fault and Earthquake Hazards Study that was started

in FY 80 will continue into FY 81. Studies will be performed
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in the six northern valleys which were not previously investi-

gated. Aerial photo interpretation is used to delineate fault

traces, and field verification is achieved by field reconnais-

sance. Other fault studies will include:

o Ground-magnetometer surveys along some photo linear features
to aid in determining if the feature is fault-related or due
to some other cause; and

o Additional observations of fault-scarp morphology of several
longer faults to aid in characterizing rupture lengths and
displacements.

13.9 GRAVITY DATA ANALYSIS

Gravity data analysis and submittal of reports will continue in

FY 81. Gravity field measurements will continue to be obtained

by the DMA. The number of valleys analyzed by Fugro National

will depend on the amount of data received from DMA; it is esti-

mated that gravity data will be available for 12 valleys. It is

planned to submit about one report per month.

13.10 ROAD DESIGN STUDIES

Road design studies are a continuation of studies that were

started in the last quarter of FY 80. The studies include a

laboratory testing program on five soil types which represent

the broad range of soils found in the deployment area of Nevada

and Utah. The tests will be performed to determine the physical

and engineering properties of each soil type. The test data

will be used in a finite element computer program to predict

road characteristics and factors of safety against failure for

various design sections.
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FUGRO NATIONAL, INC. TECHNICAL REPORTS

FN-TR-l Fugro National, Inc., 1975a, Siting evaluation re-
port: Cons. report for SAMSO, v. I, 55 p.,
app.

TR-2 , 1975b, Geotechnical report, White Sands
Missile Range/Fort Bliss Military Reservation:
Cons. report for SAMSO, v. IIA, 113 p., data
summary sheets, app. and graphics volume.

TR-3 , 1975c, Geotechnical report, Yuma Proving
Grounds/Luke-Williams Bombing and Gunnery
Range: Cons. report for SAMSO, v. IIB, 122p.,
data summary sheets, app. and graphics volume.

TR-4 , 1975d, Geotechnical report, Nellis
Bombing and Gunnery Range: Cons. report for
SAMSO, v. IIC, 125 p., data summary sheets,
app. and graphics volume.

TR-5 , 1975e, Recommended geotechnical field
investigation: Cons. report for SAMSO, v. III,
45 p.

TR-6 , 1975f, Environmental assessment report:
Geotechnical field investigation: Cons. report
for SAMSO, v. IV, 165 p., app.

TR-7 , 1975g, Water rights and resources: Cons.
report for SAMSO, 104 p., app.

TR-8 1975, Comparative environmental assess-
ment of the three MX land mobile missile system
concepts: Cons. report for SAMSO, 179 p., app.

TR-9 , 1976a, Siting evaluation report: Cons.
report for SAMSO, v. I, 63 p., app.

TR-10 , 1976b, Geotechnical report, White Sands
Missile Range Extension: Cons. report for
SAMSO, v. IIA, 88p., data summary sheets, app.
and graphics volumes.

TR-11 , 1976c, Geotechnical report, Gila Bend
Group: Cons. report for SAMSO, v. IIB, 120 p.,
data summary sheets, app. and graphics volume.

TR-12 . , 1976d, Geotechnical report, Nellis
Group: Cons. report for SAMSO, v. IIC, 142 p.,
data summary sheets, app. and graphics volume.
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FUGRO NATIONAL, INC. TECHNICAL REPORTSI
FN-TR-13 Fugro Natior l, Inc., 1976e, Recommended geotechni-

cal field investigations: Cons. report for
SAMSO, v. III, 79 p., app.

TR-14 , 1976f, Multiple aim-point validation
(MAV) program, Luke Bombing and Gunnery Range,
Arizona. Part 1 - Site selection and surficial
geology, Part 2 - Soils engineering and seismic
refraction: Cons. report for SAMSO, 63 p.

TR-15 , 1976g, MX siting regions evaluations:
Delineation and analysis of suitable Department
of Defense and Bureau of Land Management lands:
Cons. report for SAMSO, 51 p., app.

TR-16 , 1977a, MX siting investigation contermi-
nous United States, v. I coarse screening:
Cons. report for SAMSO, v. I, 30 p., app.

TR-17 , 1977b, MX siting investigation geotech-
nical evaluation conterminous United States, v.
II intermediate screening: Cons. report for

I SAMSO, v. II, 175 p., app.

TR-ST , 1977c, MX siting program soil tempera-
ture determination, Luke Bombing and Gunnery
Range, Arizona: Cons. report for SAMSO, in
progress, 32 p., app.

TR-18 , 1977d, Geotechnical report Mohawk - Tule
Valley, Arizona: Cons. report for SAMSO, v. I
and I, 141 p., app.

I TR-WR ,1977e, Evaluation of water resources in
vicinity of Stoval Field, San Cristobal Valley,
Yuma county, Arizona: Cons. report for SAMSO,
42 p., app.

TR-19 , 1978a, Geotechnical report Lechuguilla
Desert, Arizona: Cons. report for SAMSO, v. I
and II, 147 p., app.

TR-GE , 1978b, General geotechnical site feasi-
bility analysis for the environmental assess-
ment of an MX test facility, Vandenberg Air
Force Base, California: Cons. report for
SAMSO, 29 p., app.

TR-20 , 1978c, Aggregate resources report De-
partm-nt of Defense and Bureau of Land Manage-
ment lands, southwestern United States (draft):
Cons. report for SAMSO, 74 p., app.
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Ft4-TP-21 Fugro National, Inc., 1978d, Geotechnical investiga-tion Misers Bluff Test Program Planet Ranch
Test Valley, Arizona (draft): Cons. report for

SAMSO, 52 p., app.

TR-21A , 1978, Crosshole velocity survey, Misers
Bluff ground zero-2 (GZ-2) Planet Ranch Test
Valley, Arizona.

TR-22 , 1978e, MX siting investigation geotech-
nical evaluation trench layout report (draft):
Cons. report for SAMSO, 39 p., app.

TR-23 , 1978f, Geotechnical investigation meth-
odology report MX siting investigation western
conterminous United States (draft): Cons. re-
port for SAMSO, 67 p., app.

TR-24 , 1978g, MX siting investigation con-
termfinous United States, V. III fine screening:
Cons. Report for SAMSO.

TR-25 , 1978h, MX siting investigation, geotech-
nical evaluation, geotechnical ranking of seven
candidate siting regions report.

TR-26a , 1978i, MX siting investigation, geotech-
nical summary, prime characterization sites,
Central High Plains Candidate Siting Province
report.

TR-26b , 1978j, MX siting investigation, geotech-
nical summary, prime characterization sites,
Southern High Plains Candidate Siting Province
report.

TR-26c , 1978k, MX siting investigation, geotech-
nical summary, prime characterization sites,
Rio Grande/Highlands Candidate Siting Province
report.

TR-26d , 19781, MX siting investigation, geotech-
nical summary, prime characterization sites,
Sonoran Candidate Siting Province report.

TR-26e , 1978m, MX siting investigation, geotech-
nical summary, prime characterization sites,
Great Basin Candidate Siting Province report.

TR-BT , 1978n, Geotechnical report, shear
strength of compacted backfill, break-out and
erection tests, MAV test site, San Cristobal

%Valley, Arizona, 51 p.
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FUGRO NATIONAL, INC. TECHNICAL REPORTS

FN-TR-BT Fugro National, Inc., 1978o, Geotechnical siting
status report: Cons. report for SAMSO; v. I,

242 pages, v. II, 13 maps, app.

TR-27 , 1979a, Nevada-Utah verification studies,
FY 79: Cons. report for SAMSO; v. IA 221
pages, v. I (B 122 p. app.; v. II through VIII,
data v. with about 15 tables, 75 figs., and
4 drawings in each volume.

TR-28 , 1979b, Arizona verification studies, FY
79: Cons. report for SAMSO; v. I, data volume
with 13 tables, 17 figs., and 13 drawings;
v. II, data volume similar to v. I.

TR-29 , 1979c, Thermal properties of soils,
137 p., 59 figs., 9 tables, and 13 plates.

TR-30 , 1979d, Executive summary report, geo-
technical siting investigation FY 79, 74 p., 20
figs., 6 tables, 5 photographs.

TR-RP , 1979e, Railroad pass evaluation, Nevada-
Utah Siting Area, 21 p., 2 figs., 1 table, 3
photos, 2 drawings.

TR-31 , 1979f, Alternative energy sources for
the MX System, Nevada-Utah (draft); 520 p., 24figs.

TR-33-WW I 1980a, Gravity survey - Whirlwind Val-
ley, Utah; 32 p., 8 figs.

TR-33-HV , 1980b, Gravity survey - Hamlin Valley,
Nevada; 33 p., 13 figs.

TR-35 .... , 1980c, (1) Proposed operational base
site, Coyote Spring and Kane Springs Valleys,
Nevada; 41 p., 7 figs., 2 tables, 3 drawings.
(2) Proposed operational base site, Escalante
Desert, Milford Area, Utah; 39 p., 7 figs.,
3 tables, 3 drawings. (3) Proposed operational
base site, Steptoe Valley, Ely Area, Nevada;
38 p., 5 figs., 3 tables, 3 drawings.

TR-32 , 1980d, MX siting investigation, shelter
layout study; 30 p., 1 fig., 8 tables, 7 draw-
ings.

TR-WS , 1980e, Evaluation of screening results
and geotechnical conditions state of Wyoming;
26 p., 6 figs., 1 table.
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FN-TR-34 Fugro National, Inc., 1980f, Aggregate resources
report, Utah-Nevada Study Area; 99 p., 3 figs.,
35 tables, 6 photos, 2 drawings.

TR-27-DL , 1980g, Verification study, Dry Lake

Valley, Nevada; v. I - synthesis, 90 p., 11

figs., 11 tables, 7 drawings; v. II - geotech-

i nical data, 28 p., 86 figs., 21 tables, 6 draw-
ings.

TR-33-DL , 1980h, Gravity survey - Dry Lake Valley,
Nevada; 47 p., 7 figs.

TR-36 , 1980i, Interim report on active faults
and earthquake hazards in the FY 79 verifica-
tion sites - Nevada-Utah siting region; 72 p.,

2 figs., 5 drawings.

TR-33-SV , 1980j, Gravity survey - Southern Snake

Valley (Ferguson Desert), Utah; 28 p., 11 figs.

TR-37 , 1980k, Valley-specific aggregate re-
sources study:
a. Dry Lake, Muleshoe, Delamar, Pahroc Val-

leys; 45 p., 6 figs., 3 tables, 2 drawings.

b. Snake Valley; 47 p., 9 figs., 3 tables,
2 drawings.

c. White River Valley; 44 p., 7 figs., 3
tables, 2 drawings.

d. Whirlwind Valley; 43 p., 5 figs., 3 tables,
2 drawings.

e. Hamlin Valley; 44 p., 6 figs., 3 tables,

2 drawings.

TR-38 _ , 19801, Water resources program sum-
mary for draft environmental impact statement,
v. I; 151 p., 4 figs., 6 tables; Water re-
sources program summary for draft environmental
impact statement, V. II; 8 tables.

TR-33-WR , 1980m, Gravity survey - Southern White
Rivervalley, Nevada; 23 p., 8 figs., 1 table,
I drawing.

TR-33-GN , 1980n, Gravity survey - Garden Valley;
13 p., 6 figs., 1 drawing.

TR-33-CV , 1980o, Gravity survey - Coal Valley;

14 p., 6 figs., 1 drawing.
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FN-TR-DTN Fugro National, Inc., 1980p, Preliminary evaluation
of designated transportation network; 22 p., 3
figs., 6 tables, 9 drawings.

TR-38 , 1980q, MX siting investigation water re-
sources program summary for the DEIS; v. I, II,
III, 151 p., 4 figs., 6 tables, 12 app.

TR-39 , 1980r, Summary of suitable area Nevada-
Utah, verification studies, FY 79 and FY 80,
v. I; 12 p., 4 tables, 13 drawings; Summary of
suitable area Nevada-Utah, verification stud-
ies, FY 79 and FY 80, v. II; 7 drawings.

TR-ETB-I , 1980s, Progress report, geotechnical
study for mobility test tracks, ETB mobility
study, Nevada Test Site, Nevada; 35 p., 7
tables, 3 app., 13 figs.

TR-40 , 1980t, MX siting investigation water re-
sources program interim report; 94 p., 3 figs.,
5 tables, 9 app.

TR-41D , 1980u, MX Mineral resources survey,
Nevada/Utah siting area (draft), v. I-XI,
311 p., 3 app.

TR-42 , 1980v, Executive Summary.

OTHER TECNICAL REPORTS WITHOUT
TR NUMBERS

1. Fugro National, Inc., 1979, MX siting investigation geo-
technical summary water resources program, FY 79; 54
p., 2 figs., 3 tables, 12 drawings, 3 app.

2. , 1980a, MX siting investigation, Nevada and Utah
water law and procedures for rights acquisition, water
resources program FY 80; 5 p., 2 tables, 1 app.

3. _, 1980b, Municipal water-supply and wastewater
treatment facilities in selected Nevada and Utah com-
munities; 2 p., 4 tables, 2 app.

4. , 1980c, MX siting investigation, water resources
program industry activity inventory, Nevada-Utah; 3 p.,
1 table, 2 app.
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